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Acronyms and Abbreviations 

AFLB American Falls Lake Bed 

AOC Administrative Order on Consent 

ARAR Applicable or Relevant and Appropriate Requirements 

AWQC Ambient Water Quality Criteria 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

COC Contaminant of Concern 

CSM Conceptual Site Model for groundwater 

Eh redox potential 

EMF Site Eastern Michaud Flats Superfund Site 

EPA Environmental Protection Agency 

ft feet 

gpm gallons per minute 

GWPS Groundwater Protection Standard 

IDEQ Idaho Department of Environmental Quality 

in inches 

IRODA Interim Amendment to the Record of Decision 

kg/day kilograms per day 

LCL Lower Confidence Limit 

MCL Maximum Contaminant Level 

mg/L milligrams per liter 

OU Operable Unit 

pH hydrogen ion activity 

PAP Phosphoric Acid Plant 

POC Point of Compliance 

PVC polyvinyl chloride 

QA Quality Assurance 

RBC Risk-Based Concentration 

ROD Record of Decision 

RDR Remedial Design Report 

SOW Remedial Design/Remedial Action Consent Decree Statement of Work 

TDS total dissolved solids 
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Acronyms and Abbreviations (cont.) 

TMDL Total Maximum Daily Load 

RCRA Resource Conservation and Recovery Act 

TSD Treatment, Storage and Disposal Facility 

TCLP Toxicity Characteristic Leaching Procedure 

UCL Upper Confidence Limit 

VCO/CA Voluntary Consent Order/Compliance Agreement 
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1.0 INTRODUCTION 

This document provides the groundwater monitoring plan for the Simplot Operable Unit (OU) of 
the Eastern Michaud Flats Superfund Site (the “EMF Site”) located near Pocatello, Idaho 
(Figure 1-1).  Groundwater monitoring is required to assess the performance of the groundwater 
remedy for the Simplot OU as described in the Environmental Protection Agency (EPA) Record 
of Decision (ROD; EPA, 1998) and Interim Amendment to the Record of Decision (IRODA; EPA 
2010). This document complies with the Remedial Design/Remedial Action Consent Decree 
(CD; EPA, 2002), as amended in 2010 (hereafter “Consent Decree”).  This plan also has been 
prepared per the requirements of a Voluntary Consent Order/Compliance Agreement (VCO/CA) 
between the Idaho Department of Environmental Quality (IDEQ) and the J.R. Simplot Company 
(Simplot) (IDEQ 2008).  The VCO/CA and the Consent Decree are intended to implement 
Simplot’s responsibilities at the Don Plant fertilizer manufacturing facility located near Pocatello, 
Idaho under the approved Total Maximum Daily Load (TMDL) for nutrients for the Lower 
Portneuf River. Groundwater discharging from the Don Plant area has been identified as a 
major source of phosphorus loading to the lower Portneuf River. 

This document is organized as follows:  

 Section 1 contains the site description, project history, and monitoring history;   

 The groundwater remedy, remedy objectives, and performance standards are detailed in 
the Consent Decree  These standards and other design criteria are also included in 
Section 2 The monitoring approach is based on the overall monitoring objectives and 
performance standards for the extraction system as described in Section 2; 

 The principal concepts for the groundwater monitoring approach, details on the 
proposed monitoring program including sampling locations and sampling frequency, and 
data analysis methods are provided in Section 3; 

 The surface water monitoring approach is described in Section 4; 

 Section 5 provides additional detail on the data analysis concepts and methods 
described in Section 3; 

 Section 6 presents the field sampling plan, including sampling collection methods, as 
well as field custody and sample analysis procedures; 

 Section 7 provides information on reporting requirements; and  

 Section 8 lists the references cited. 
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Figure 1-1: Site Location Map 

1.1 Site Description 

The EMF Site is located near the City of Pocatello, Idaho and includes two industrial facilities 
(Figure 1-1): the FMC Elemental Phosphorus Facility (which ceased operations in December 
2001) and the J.R. Simplot Don Plant. The Don Plant produces phosphoric acid and a variety of 
liquid and solid fertilizers.  The U.S. Environmental Protection Agency (EPA) has divided the 
Site into three OUs (Figure 1-2):  the FMC OU includes the FMC facility and adjacent land 
owned by FMC; the Simplot OU includes the Don Plant and adjacent land owned by Simplot; 
and the Off-Plant OU which is the remainder of the Site. The Fort Hall Reservation (Shoshone
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Bannock Tribe) is a part of the Off-Plant OU and borders the FMC OU on the north, west of the 
Portneuf River. 

The Simplot Don Plant covers approximately 745 acres and adjoins the eastern property 
boundary of the FMC facility. The main portion of the plant lies approximately 500 feet 
southwest of the Portneuf River.  Of the 745 acres, approximately 400 acres are committed to 
the gypsum stack. Another 185 acres are occupied by the plant and its infrastructure.  A 
significant portion of the remaining acreage to the south and southeast of the plant consists of 
cliffs and rugged steep terrain.  A Union Pacific Railroad right-of-way is adjacent to the northern 
fence line of the Don Plant and passes through the northern portion of the Simplot Plant Area, 
paralleling U.S. Highway 30.  Access to the Don Plant is provided by Interstate 86 and U.S. 
Highway 30. 

The Don Plant began production of a single superphosphate fertilizer in 1944.  Phosphoric acid 
production began in 1954. The plant currently produces a variety of solid and liquid 
phosphorus- and nitrogen-based fertilizers. The principal raw material for the process is 
phosphate ore, which is transported to the facility via a slurry pipeline from the Smoky Canyon 
mine. The primary byproduct from the Don Plant process is gypsum (calcium sulfate) which is 
stacked on-site. 

GWRD_MonitoringPlan_2010.docx 8 
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Figure 1-2: Boundaries of Simplot and FMC Areas 

1.2 Project History 

An Administrative Order on Consent (AOC) was issued by the EPA on May 30, 1991 and 
entered into voluntarily by FMC and Simplot.  The AOC specified requirements for 
implementation of a Remedial Investigation (RI) and Feasibility Study (FS) to evaluate EMF Site 
conditions and remedial alternatives to address potential threats to human health and the 
environment.  Based on the findings of these studies, EPA issued a ROD (EPA, 1998), 
specifying the selected remedial actions for the Site on June 8, 1998. A Remedial 
Design/Remedial Action Consent Decree (EPA, 2002) between EPA and Simplot, which 
specified the conditions for implementing the selected remedial actions in the Simplot Plant 
Area, was entered on May 9, 2002. 

Consistent with the requirements of the Decree, Simplot submitted a Draft Groundwater 
Extraction Remedial Design Report (RDR) and Prefinal Groundwater Monitoring RDR in August 
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2002 (MFG 2002a and 2002b, respectively).  Subsequent discussions between Simplot and the 
regulatory agencies in 2003 resulted in a phased path forward for the design and 
implementation of the groundwater extraction system.  The underlying basis for this approach 
was to design and implement the extraction system in an incremental manner based on the 
results of actual performance data, rather than spending further effort attempting to better 
predict its effectiveness through additional modeling.  This type of approach is consistent with 
the “phased and integrated approach” recommended by the RCRA/Superfund Groundwater 
Forum (EPA 1997). The approach was documented in a letter from Alan Prouty, Simplot, to 
Linda Meyer, EPA, dated May 23, 2003 (“Path Forward Letter”, Simplot 2003).   

Simplot completed the installation and testing of an initial test extraction system from 2003 to 
2004 and began operation of ten test extraction wells in June 2004.  Simplot submitted the 
Prefinal Groundwater Extraction RDR in November 2004.  EPA, Simplot, and their 
representatives met to discuss the design report in December 2004 and EPA provided 
comments on the design in April 2005.  In May 2005 Simplot and the agencies began an 
interactive process of revising the design of the groundwater extraction system.  This process 
involved integrating more recent EPA guidance such as A Systematic Approach for Evaluation 
of Capture Zones at Pump and Treat Systems (in draft during the process and published in 
January 2008; EPA 2008). The process involved a number of meetings to transfer information 
with the goal of reaching consensus on design issues regarding the conceptual site model, 
identification of data gaps, design objectives, and required analyses.  Simplot started a project 
website (NewFields 2005) at this time to document communications, field activities, and data 
analyses. 

This interactive process resulted in five additional site investigations that were performed to fill 
data gaps in the groundwater CSM:   

 The Phase 1 Data Gap Investigation (NewFields 2006a) was completed in late 2005 and 
early 2006 to investigate and evaluate the performance of the Upper Zone test extraction 
wells. 

 Phase 2 Data Gap Investigation (NewFields 2008a) was completed over the period from 
2006 to 2008 to further investigate and evaluate hydraulic properties and groundwater 
quality (NewFields 2008). 

 A groundwater geophysical investigation (NewFields 2008c) was completed in the 
summer of 2008 to aid in the lateral and vertical delineation of contaminated 
groundwater in the Simplot OU between State Highway 30 and the Portneuf River. 

 A special sampling event was completed in the spring of 2008 (NewFields 2008b).  This 
sampling event incorporated an expanded list of analytes and sampling locations to the 
routine 2nd quarter 2008 quarterly monitoring scope.  

GWRD_MonitoringPlan_2010.docx	 10 
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 A subsurface investigation was completed in the Phosphoric Acid Plant (PAP) Area in 
the winter of 2008-2009 (Simplot 2009). 

Work plans for each of these investigations were prepared by Simplot and approved by EPA 
and IDEQ. After field investigations, draft reports were prepared by Simplot and comments on 
the reports were prepared by the agencies. In addition, as part of the interactive process, 
Simplot prepared draft technical memoranda on design issues and agencies prepared 
comments on these memoranda.  All documents have been placed on the project website and 
are available to all project team members. Collectively, this body of work provides the technical 
basis for the designs presented in this document. 

Idaho Code § 39-3609 requires IDEQ to prepare a list of Idaho waters not meeting State Water 
Quality Standards. The Portneuf River was included on the list in 1994.  In April 1999, IDEQ 
submitted to the EPA a Total Maximum Daily Load (TMDL) for the Portneuf River. The TMDL is 
in accordance with the State of Idaho Guidance for Development of Total Maximum Daily Loads 
(June 1999). The TMDL lists nutrients among pollutants that need to be addressed in the Lower 
Portneuf River. Based upon the narrative water quality criteria for nutrients, IDEQ has 
established a water quality target for total phosphorus for this segment of river as set forth in the 
approved TMDL. The target for total phosphorus in the Lower Portneuf River is 75 micrograms 
per liter at Siphon Road.  Also in 2003, the Portneuf River TMDL Implementation Plan (IDEQ, 
2003) identified mass reduction goals for known contributing sources, including approximately 
95% reduction for EMF Site groundwater discharge.  In the Plan, including written contributions 
from identified stakeholders, Simplot was required to meet the initial goals of the first phase of 
the TMDL, which was addressed by implementing the CERCLA groundwater extraction remedy 
that was selected in the ROD.  Although the CERCLA remedy was selected to address arsenic, 
co-located phosphorus in groundwater will also be captured. The Portneuf River TMDL was 
developed in order to comply with Section 303 of the federal Clean Water Act, which requires 
IDEQ to adopt water quality standards that will restore the designated use of water bodies 
(IDEQ, 2003).   

On April 11, 2008 Simplot signed the VCO/CA with IDEQ. The VCO/CA is intended to 
implement Simplot’s responsibilities at the Don Plant fertilizer manufacturing facility located near 
Pocatello Idaho under the approved TMDL for nutrients for the Lower Portneuf River.  Under the 
VCO/CA Simplot is required to install a liner on the operating gypsum stack and continue to 
operate the CERCLA groundwater extraction system.  The monitoring outlined in this plan will 
be used to assess the effectiveness of remedial actions in achieving the VCO/CA cleanup 
requirements in the Portneuf River. The monitoring requirements and objectives are described 
in Sections 2.2, 2.4.1 and 2.4.2. 

In January 2010 EPA issued an Interim ROD Amendment (IRODA) for the Simplot Operable 
Unit (EPA 2010a). The IRODA adds the hazardous substance phosphoric acid (measured as 
total phosphorus or dissolved orthophosphate) as Contaminant of Concern (COC) and it also 
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provides for source control of COCs from the Simplot OU to the extent practicable, including the 
installation of a liner on the gypsum stack to stop infiltration to groundwater.    

FMC is currently implementing a supplemental RI/FS to address issues associated with closure 
of the FMC plant. It will prepare a focused Feasibility Study Report and EPA will subsequently 
issue a ROD amendment for the FMC OU.  Additional data are being generated in the Off-Plant 
OU. Depending on the findings, EPA may issue a ROD Amendment for that OU. 

1.3 Groundwater Monitoring History 

After the RI period, Simplot continued to perform groundwater monitoring focusing on key 
constituents in the Simplot Plant Area and at Batiste Spring. The schedule for monitoring varied 
due to Simplot’s expectations on when the Consent Decree would be signed and what 
preliminary work would be appropriate to accelerate the design.   

Simplot submitted an Interim Monitoring Plan in 2003 (MFG 2003), which defined the scope of 
monitoring to be performed prior to implementation of the groundwater extraction system. This 
plan included the “baseline” monitoring event (to characterize conditions prior to startup of the 
extraction system) that was performed in August 2003. In 2004, Simplot submitted a revised 
groundwater monitoring plan, which included verbal EPA comments on the interim plan, along 
with the Pre-Final Groundwater Remedial Design (MFG 2004).  Groundwater sampling has 
been conducted in accordance with the 2004 plan through the present.  

Simplot completed the following 16 sampling events in the period from the completion of the RI 
to the initiation of routine quarterly sampling in June 2004: 

 June 1995 

 December 1995 

 March 1997 

 March 1998 

 August 1998 

 March 1999 

 August 1999 

 March 2000 

 August 2000 

 March 2001 

GWRD_MonitoringPlan_2010.docx 12 
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 August 2001 

 February 2002 

 August 2002 

 August 2003 (the pre-extraction “baseline event) 

 December 2003 

 June 2004 (initiation of routine quarterly monitoring concurrent with beginning of 
groundwater extraction) 

 Groundwater samples were generally analyzed for the parameters listed in Table 1-1.   
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Table 1-1: Analytical methods used for interim groundwater samples 

Parameter Analytical Method 
Laboratory Reporting 

Limit (RL) 

Field Analyses 

Dissolved Oxygen D.O. meter 0.1 mg/L 

pH pH meter/electrometric 0.1 su 

Specific Conductance Conductivity meter 5 mho/cm 

Oxidation Reduction Potential ORP meter 1 mV 

Turbidity Nephelometer 0.1 NTU 

Temperature Thermometer 0.1C 

Laboratory Analyses 

Arsenic EPA 200.8  0.003 mg/L 

Calcium EPA 200.7 0.04 mg/L 

Chloride EPA 300.0 0.2 mg/L 

Hardness Standard Methods 2340B 0.347 mg/L 

Magnesium EPA 200.7 0.06 mg/L 

Nitrate/Nitrite EPA 353.2 0.02 mg/L 

Total Phosphorus EPA 365.2 0.01 mg/L 

Potassium EPA 200.7 1.0 mg/L 

Sodium EPA 200.7 0.5 mg/L 

Sulfate EPA 300.0 0.3 mg/L 

Total alkalinity Standard Methods EPA 2320B 1 mg/L 

Total dissolved solids Standard Methods EPA 10 mg/L 
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2.0 REMEDIAL DESIGN CRITERIA 

The groundwater extraction and monitoring system elements of the groundwater remedy are 
described in the CD SOW (EPA 2002) and the IRODA (EPA 2010). In addition, groundwater 
remedial actions and requirements for groundwater and surface water monitoring are specified 
in the VCO/CA. As set forth in the IRODA the remedial action for the Simplot OU includes 
phosphorus as a COC and provides appropriate modifications to the overall remedy.  The 
VCO/CA provides target phosphorus concentrations for the Portneuf River based on the TMDL 
process. The following sections summarize remedial design criteria pertinent to the 
groundwater extraction and groundwater monitoring systems. 

2.1 Description of Remedy 

The major components of the Simplot OU groundwater extraction and monitoring systems are: 

 The groundwater extraction system will consist of installation of a network of shallow and 
deep groundwater wells on the northern edge of the gypsum stack and/or the 
Phosphoric Acid Plant.  It also includes any engineering controls to reduce the volume of 
water on the surface of the gypsum stack.  

 The extracted groundwater will be conveyed to the Don Plant and recycled into the Don 
Plant process water system. 

 Development and implementation of a verifiable plan to control primary and secondary 
sources of COCs within the Simplot OU in order to meet Maximum Contaminant Levels 
(MCLs) or risk-based concentrations (RBCs): 

 Installation of a synthetic liner on the receiving surface of the gypsum stack to reduce 
water from infiltrating through the stack into groundwater; 

 The groundwater extraction system will continue to be developed, operated, maintained 
and augmented to the extent necessary, if any, to keep arsenic and phosphorus levels at 
or below MCLs or RBCs shown in Table 2-1. 

 Groundwater monitoring and evaluation shall be conducted as part of the cleanup 
remedy to determine the effectiveness of the extraction system and other source control 
measures in reducing the COCs within the Simplot OU to levels that achieve MCLs and 
RBCs. 

 Development of a protective numerical cleanup level for phosphorus in groundwater 
consistent with achieving the TMDL for surface water in the Portneuf River (currently 
0.075 mg/L). 
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 Identification of monitoring points in, and in the vicinity of, the Portneuf River. 

 Simplot shall implement legally enforceable land use controls that will run with the land 
(e.g., deed restrictions, limited access, well restrictions and/or well head protection) to 
prevent ingestion of groundwater with COCs above maximum contaminant levels 
(MCLs) or risk-based concentrations (RBCs). 

2.1.1 Groundwater Extraction 

The groundwater extraction system will consist of installation of a network of shallow and deep 
groundwater wells on the northern edge of the gypsum stack and/or the Phosphoric Acid Plant 
and also includes any engineering controls to reduce the volume of water on the surface of the 
gypsum stack.  The extracted groundwater will be conveyed to the Don Plant and recycled into 
the Don Plant process water system. 

EPA recognizes that operation of the extraction system may not necessarily result in 
achievement of the MCLs or RBCs throughout the plant area and has not identified this as a 
performance criterion until closure of the gypsum stack. After closure of the gypsum stack, 
operation and maintenance of this system will continue until COCs in groundwater throughout 
the Simplot Plant Area are reduced to below MCLs or RBCs, or until EPA determines that 
continued groundwater extraction would not be expected to result in additional cost-effective 
reduction in COC concentrations within the Simplot OU.  Institutional controls will remain in 
place to control groundwater use until MCLs or RBCs are achieved in the Simplot OU. 

2.1.2 Groundwater and Surface Water Monitoring 

Groundwater and surface water monitoring includes sampling and analysis of groundwater from 
selected wells, surface water from springs and the Portneuf River and the evaluation and 
reporting of the monitoring data. 

2.2 Remedial Action Objectives and Performance Standards 

The overall objective of the groundwater remedial actions for the Simplot OU is to provide an 
effective mechanism for protecting human health and the environment.  To address the potential 
risks, the following groundwater cleanup objectives were developed and presented in the ROD 
and IRODA: 

 Reduce the release and migration of COCs to groundwater from facility sources that 
may result in concentrations in groundwater exceeding RBCs or chemical specific 
Applicable or Relevant and Appropriate Requirements ARARs, specifically MCLs. 
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 Reduce the release and migration of COCs to surface water from facility sources that 
result in concentrations in groundwater exceeding RBCs or chemical specific ARARs, 
including ambient water quality criteria (AWQC) pursuant to the Clean Water Act. 

 Achieve source control for the existing gypsum stack and phosphoric acid plant area 
within the shortest practicable timeframe. 

 Prevent potential ingestion of groundwater containing COCs having concentrations 
exceeding RBCs or MCLs (chemical specific ARARs) (see Table 36 of the ROD).  The 
RBCs shown in the ROD, Table 36, correspond to a cancer risk of 10-6 or a Hazard 
Index of 1.0. 

 Restore groundwater that has been impacted by EMF Site sources to meet all RBCs or 
MCLs for the COCs 

Define groundwater and surface water human health and ecological RBC targets  for 
phosphorus consistent with the TMDL for surface water in the Portneuf River. 

The applicable MCLs and RBCs are included in Table 2-1. 

The VCO/CA specifies the remedy goal of meeting the following concentration-based 
requirements in the Portneuf River as measured at Siphon Road: 

 Achieve a 50 percent reduction (0.625 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2013. 

 Achieve a 75 percent reduction (0.938 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2015. 

 Achieve a 94 percent reduction (1.175 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2021.  This level equates to the water quality target of 
0.075 mg/L established for total phosphorus for this segment of river as set forth in the 
approved TMDL. 

The baseline condition determined by IDEQ is 1.250 mg/L as the annual median of monthly 
samples, based on data collected from 2004 to 2007. 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

Table 2-1: Risk-based and Maximum Contaminant Level for Groundwater COCs 

Contaminant of 
Concern 1 Units 

Maximum 
Contaminant Level 

(MCL) 

Risk-Based 
Concentration  

(RBC) 1 

Antimony mg/L 0.006 0.006 
Arsenic 2 mg/L 0.010 0.000048 
Beryllium mg/L 0.004 0.000019 
Boron mg/L NA 1.36 
Cadmium mg/L 0.005 0.008 
Chromium mg/L 0.1 0.077 
Fluoride mg/L 4.0 0.93 
Manganese mg/L NA 0.077 
Mercury mg/L 0.002 0.0046 
Nickel mg/L NA 3 0.299 
Nitrate mg/L 10 25.03 
Phosphorus mg/L NA NA 4 

Selenium mg/L 0.05 0.39 
Thallium mg/L 0.002 0.07 
Vanadium mg/L NA 0.001 
Zinc mg/L NA 0.108 
Tetrachloroethene mg/L 0.005 3.92 
Trichloroethene mg/L 0.005 0.001 
Radium 226 5 pCi/L 5 0.002 
Gross Alpha pCi/L 15 NA 
Gross Beta millirems/yr 4 NA 
1  From ROD Table 36
 
2 The MCL for Arsenic was revised to be 0.010 mg/L in 2006.3 The MCL and MCLG for nickel 

were remanded on February 9, 1995
 
4 The RBC for phosphorus will be determined as described in Section III.7.d of the SOW. 

5  Combined for Radium 226 and Radium 228 

2.2.1 Objective of Groundwater Remedy 

The objective of the groundwater remedy is to prevent the migration of arsenic, phosphorus, 
and other COCs at concentrations above MCLs or groundwater RBCs into the Off-Plant OU, 
and to achieve source control for the existing gypsum stack and PAP Area.  Where there is an 
MCL, the MCL shall control.  The extraction system, in combination with the institutional controls 
program, phosphorus source controls and the groundwater and surface water monitoring 
program, will address this remedial action objective and the overarching objective of protecting 
human health and the environment.  The extraction system shall operate at least as long as the 
gypsum stack is receiving gypsum or liquids. 

Performance standards for the groundwater extraction system are as follows: 

 Demonstrate hydraulic control for groundwater influenced by gypsum stack seepage. 
Preliminary work indicates the cumulative annual average pumping rate necessary to 
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achieve hydraulic control during operation of the gypsum stack is 750 gpm.  The annual 
average pumping rate will be established through system design, including the schedule 
for implementation and achievement of the required pumping rate.  At a minimum, the 
implementation schedule will allow for a system startup period of one year. 

 Once the annual average pumping rate has been achieved, the performance standard 
will be the MCLs or groundwater RBCs for arsenic, phosphorus and other COCs, as 
measured at appropriate Off-Plant Area locations as determined by EPA.  Where there 
is an MCL, the MCL shall control. 

While not specifically stated in the IRODA or Consent Decree, the performance of the 
groundwater extraction system in the PAP Area is implied in these documents.  These 
performance standards for the groundwater extraction system down gradient of the PAP Area 
are as follows: 

 Demonstrate hydraulic control for groundwater influenced by seepage of impacted 
groundwater from the PAP Area. 

 Demonstrate source control by showing equivalent concentrations in groundwater 
downgradient of PAP Area as upgradient. 

 The performance standard will be the MCLs or groundwater RBCs for arsenic, 
phosphorus and other COCs, as measured at appropriate Off-Plant locations.  Where 
there is an MCL, the MCL shall control. 

2.2.2 Groundwater Monitoring 

The objective of groundwater monitoring is to collect sufficient data of adequate quality to 
evaluate the performance of the extraction system and other source control measures in 
reducing the extent and concentration of arsenic, phosphorus, and other COCs in groundwater 
in the Simplot OU and in preventing migration of arsenic, phosphorus and other COCs into the 
Off-Plant OU at concentrations above MCLs or groundwater RBCs (where there is an MCL, the 
MCL shall control).  Specifically, components of the monitoring program will provide data to 
document the effectiveness of the extraction system in capturing seepage from the gypsum 
stack, to track water quality in areas potentially affected by sources other than gypsum stack 
seepage, and to confirm the attainment of performance standards and the long-term 
effectiveness of the remedy. 

Performance standards for groundwater monitoring are as follows: 

 Groundwater samples will be collected from wells on a quarterly basis for a period of five 
years and the samples analyzed for arsenic, phosphorus and other site related 
constituents.  The specific wells to be monitored, the analytes, and the data evaluation 

GWRD_MonitoringPlan_2010Rev1.docx	 19 



   

 

  

 

 

 

  

 

 

 

 
 

 
 

 

  
 

  
 

  
 
 
 

 

Groundwater and Surface Water Monitoring Plan	 June 2010 

procedures will be provided in the Groundwater and Surface Water Monitoring Plan [this 
document], Section 3. 

 After the five-year period, the monitoring locations and frequency will be evaluated and 
monitoring will continue on at least a semiannual basis. 

 Monitoring of Batiste Spring and other Off-Plant locations will be initiated on a quarterly 
basis at the time of system startup.  After successful demonstration of compliance with 
the performance standard, samples will be collected semi-annually.  The data evaluation 
procedures are described in the Groundwater and Surface Water Monitoring Plan [this 
document], Section 4. 

 The performance monitoring strategy shall provide a mechanism to identify when 
additional contingency actions are required, and shall measure progress toward 
achieving final groundwater RBCs as measured at the locations approved by EPA. 

2.2.3 Surface Water Monitoring 

The objective of surface water monitoring is to collect sufficient data of adequate quality to 
evaluate the performance of the groundwater extraction system and source control measures. 
The performance monitoring strategy shall provide a mechanism to identify when additional 
contingency actions are required, and shall measure progress toward achieving final surface 
water RBCs as measured at the locations approved by EPA. 

The VCO/CA specifies the remedy goal of meeting the following concentration-based 
requirements in the Portneuf River as measured at Siphon Road: 

 Achieve a 50 percent reduction (0.625 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2013. 

 Achieve a 75 percent reduction (0.938 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2015. 

 Achieve a 94 percent reduction (1.175 mg/L) in the concentration of total phosphorus in 
the Portneuf River as measured by the annual median of monthly samples collected at 
Siphon Road by December 31, 2021.  This level equates to the water quality target of 
0.075 mg/L established for total phosphorus for this segment of river as set forth in the 
approved TMDL. 

The baseline condition determined by IDEQ is 1.250 mg/L as the annual median of monthly 
samples, based on data collected from 2004 to 2007. 
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2.3 Groundwater Monitoring System Design 

The groundwater monitoring system in the Simplot OU has been divided into five sub-areas 
based on monitoring objectives and performance criteria.  The sub-areas are shown in Figure 2
1. The sub-areas are as follows: 

 Don Plant Area 

 PAP Area (in Don Plant Area) 

 Target Capture Zones (in Don Plant Area) 

 Assessment Area  

 Compliance Area 

The Don Plant Area includes potential source areas, areas immediately downgradient of 
potential source areas and the target capture zones.  The monitoring well network in this area 
needs to provide groundwater quality data that can be used to track constituent concentration 
trends, evaluate the migration of and concentrations of constituents in groundwater to the target 
capture zones, and assess the adequacy of the target capture zones.  The network also needs 
to provide water level data at a sufficient scale so that groundwater gradients and flow paths 
can be evaluated. 

The PAP Area is superimposed on the Don Plant Area since this area has additional monitoring 
requirements. Data collection needs in this area also includes frequent monitoring of 
groundwater pH and other analytes if necessary to assess the effectiveness of source controls 
in the area. 

The Target Capture Zones are also superimposed on the Don Plant Area due to additional 
monitoring requirements. Data collection needs in these zones also include tracking 
groundwater flow and water levels in extraction wells, and the evaluation of the quarterly water 
level and chemistry data from monitoring and extraction wells to assess extraction well capture. 

The Assessment Area is downgradient of the groundwater extraction system and extends to the 
compliance area. The groundwater monitoring network in this area needs to provide sufficient 
lateral and vertical spacing to delineate the plume of groundwater affected by Simplot 
operations.  Water quality and water-level data will be collected from the network of wells to 
confirm the position of the plume, assess trends in water quality, and assess groundwater 
gradients and flow paths.  In addition, a subset of monitoring wells in the upgradient portion of 
this area will be used to provide an interim target concentration that can be compared to the 
concentrations in the Compliance Area. 

The Compliance Area is where groundwater concentrations will be measured and compared 
against applicable water quality standards. Similar to the Assessment Area, monitoring wells 
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need to be placed at appropriate lateral and vertical spacing to delineate the position of the 
plume of affected groundwater prior to discharge to the Portneuf River. 

A summary of the groundwater monitoring objectives for each of the monitoring areas is 
presented in Table 2.2. A list of all monitoring locations is shown in Table 2.3. This table also 
shows which locations contribute to each of the monitoring objectives. Water quality or level 
data from some locations will contribute to multiple monitoring objectives, for example, locations 
contributing to evaluating source control in the PAP Area also provide information regarding 
hydraulic control in Target Capture Zones. 
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Table 2-2: Summary of Groundwater Monitoring Objectives per Monitoring Area 

Monitoring Area Monitoring Objective 
Performance 

Standard 

Measurement 
Locations and 

Frequency 

Measurement 
Parameters 

Analysis Method(s) 

Don Plant Area Track groundwater quality 
and demonstrate source 
control by showing 
decreasing concentration 
trends in groundwater 
downgradient of Gypsum 
Stack and PAP Area 

Decreasing Trend 76 existing and up to 5 
new monitoring wells  -
groundwater quality 
quarterly 

100 monitoring wells - 
groundwater level 
quarterly 

Indicator analyte list 

Groundwater level 

Trend analysis 

Restoration of groundwater to MCLs or RBCs 76 existing and up to 5 Indicator analyte list Compare 95% UCL to 
beneficial use new monitoring wells  - MCL on well by well 

groundwater quality Groundwater level basis 
quarterly 

PAP Area (in Don Plant 
Area) 

Demonstrate source control 
by showing equivalent 
concentrations in 
groundwater downgradient of 
PAP Area as upgradient 

Down Gradient  ≤ 
Up Gradient 
Groundwater 
Quality  

8 monitoring and 6 
convertible 
monitoring/extraction wells 
in Don Plant Area are 
subject to additional and 
more frequent 
groundwater quality 
analyses. 

Additional data 
collected based on 
groundwater pH 

Trend analysis 
Flow path analysis 
Two-sample tests 

Target Capture Zones Demonstrate hydraulic EPA approach for The 16 extraction wells in Extraction well flow EPA approach for 
(in Don Plant Area) control of affected evaluation of the Don Plant area also rate evaluation of capture 

groundwater from source 
areas by extraction system 

capture zones provide continuous 
groundwater level and 
flow rate data. 

Extraction and 
monitoring well water 
levels 

zones 

47 of the Don Plant Area 
monitoring wells are within Indicator analyte list 
or near the Target 
Capture Zones and 
quarterly data are used in 
assessment. 
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Table 2-2: Summary of Groundwater Monitoring Objectives per Monitoring Area 

Monitoring Area Monitoring Objective 
Performance 

Standard 

Measurement 
Locations and 

Frequency 

Measurement 
Parameters 

Analysis Method(s) 

Assessment Area Demonstrate reduction in the 
extent and concentration of 
COCs in groundwater 

Decreasing trend 19 existing and up to 27 
proposed monitoring wells 
– groundwater quality 
quarterly 

Indicator analyte list Trend analysis 
Flow Path Analysis 

 2 spring locations 
groundwater quality 
quarterly; 

33 existing and up to 27 
proposed monitoring wells 
and 2 surface water 
locations - water level 
quarterly 

Establish interim target Interim target 10 existing and up to 15 Indicator analyte list Establish average 
concentrations in line of wells concentrations TBD proposed monitoring wells concentration value 
downgradient of source areas – groundwater quality and based on standards at 
consistent with meeting level quarterly POC and appropriate 
applicable standards at POC dilution and attenuation 

factor (DAF) 
Restoration of groundwater to 
beneficial use 

MCLs or RBCs 19 existing and up to 27 
proposed monitoring wells 
and 2 spring locations 
groundwater quality 
quarterly 

Indicator analyte list Compare 95% UCL to 
MCL on well by well 
basis 

Compliance Area (in Demonstrate no groundwater MCLs or RBCs 12 monitoring wells – Expanded analyte list Compare 95% UCL to 
Assessment Area) migration into Off-Plant Area groundwater quality MCL on well by well 

above MCLs or RBCs quarterly basis 

Restoration of groundwater to MCLs or RBCs 12 monitoring wells – Expanded analyte list Compare 95% UCL to 
beneficial use groundwater quality MCL on well by well 

basis 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

189 Shallow GWL, WQ Monitoring Well X X 

190 Bedrock GWL, WQ Monitoring Well X 

191 Bedrock GWL, WQ Monitoring Well X 

305 Bedrock GWL, WQ Monitoring Well X 

307 Shallow GWL, WQ Monitoring Well X X 

308 Shallow GWL, WQ Monitoring Well X X 

309 Deep GWL, WQ Monitoring Well X X 

310 Shallow GWL, WQ Monitoring Well X X 

312 Shallow GWL, WQ Monitoring Well X 

313 Bedrock GWL, WQ Monitoring Well X 

315 Deep GWL, WQ Monitoring Well X 

316 Shallow GWL Monitoring Well X 

317 Deep GWL, WQ Monitoring Well X X 

318 Shallow GWL, WQ Monitoring Well X X 

319 Deep GWL, WQ Monitoring Well X 

320 Shallow GWL, WQ Monitoring Well X 

321 Deep GWL Monitoring Well X 

322 Deep GWL Monitoring Well X 

323 Bedrock GWL Monitoring Well X 

324 Shallow GWL Monitoring Well X 

325 Shallow GWL, WQ Monitoring Well X X 

326 Deep GWL, WQ Monitoring Well X X 

327 Shallow GWL, WQ Monitoring Well X 

328 Shallow GWL, WQ Monitoring Well X 

329 Deep GWL Monitoring Well X 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

330 Deep GWL Monitoring Well X 

331 Shallow GWL, WQ Monitoring Well X 

332 Shallow GWL, WQ Monitoring Well X 

333 Shallow GWL, WQ Monitoring Well X 

334 Shallow GWL, WQ Monitoring Well X X 

335D Deep GWL, WQ Monitoring Well X 

335S Shallow GWL, WQ Monitoring Well X 

336 Shallow GWL, WQ Monitoring Well X X 

337 Deep GWL Monitoring Well X X 

338 Shallow GWL, WQ Monitoring Well X 

339 Shallow GWL Monitoring Well X X 

340 Shallow GWL, WQ Monitoring Well X X X 

341 Shallow GWL, WQ Monitoring Well X X 

342 Shallow GWL, WQ Monitoring Well X 

344 Deep GWL Monitoring Well X X 

346 Deep GWL, WQ Monitoring Well X 

347 Deep GWL, WQ Monitoring Well X 

348 Shallow GWL, WQ Monitoring Well X 

350 Shallow GWL, WQ Monitoring Well X 

351 Bedrock GWL, WQ Monitoring Well X 

352 Bedrock GWL Monitoring Well X 

353 Shallow GWL Monitoring Well X 

354 Shallow GWL, WQ Monitoring Well X 

355 Shallow GWL Monitoring Well X 

356 Shallow GWL, WQ Monitoring Well X 

357 Shallow GWL, WQ Monitoring Well X 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

358 Shallow GWL, WQ Monitoring Well X 

361AR Deep GWL, WQ ZIST Retrofit Well X X 

361BR Deep GWL ZIST Retrofit Well X X 

361CR Deep GWL ZIST Retrofit Well X X 

361DR Bedrock GWL ZIST Retrofit Well X X 

362 Shallow GWL, WQ Monitoring Well X X 

363AR Deep GWL, WQ ZIST Retrofit Well X X 

363BR Deep GWL ZIST Retrofit Well X X 

363CR Bedrock GWL ZIST Retrofit Well X X 

364AR Deep GWL, WQ ZIST Retrofit Well X X 

364BR Deep GWL ZIST Retrofit Well X X 

364CR Bedrock GWL ZIST Retrofit Well X X 

365 Shallow GWL, WQ Monitoring Well X X 

366AR Deep GWL, WQ ZIST Retrofit Well X X 

366BR Deep GWL ZIST Retrofit Well X X 

366CR Bedrock GWL ZIST Retrofit Well X X 

367 Shallow GWL, WQ Monitoring Well X X X 

368AR Deep GWL ZIST Retrofit Well X X 

368BR Bedrock GWL ZIST Retrofit Well X X 

369 Shallow GWL, WQ Monitoring Well X X X 

370 Shallow GWL, WQ Monitoring Well X X X 

371 Shallow GWL, WQ Monitoring Well X X X 

372 Shallow GWL, WQ Monitoring Well X X X 

373 Shallow GWL, WQ Monitoring Well X X X 

374 Shallow GWL, WQ Monitoring Well X X X 

401 Shallow GWL, WQ Extraction Well X X 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

402 Shallow GWL, WQ Extraction Well X X 

403 Shallow GWL, WQ Monitoring Well X X 

404 Shallow GWL, WQ Extraction Well X X 

405 Shallow GWL, WQ Monitoring Well X X 

406 Shallow GWL, WQ Extraction Well X X 

407 Shallow GWL, WQ Extraction Well X X 

408 Shallow GWL, WQ Monitoring Well X X 

409 Shallow GWL, WQ Extraction Well X X 

410 Deep GWL, WQ Monitoring Well X X 

411 Deep GWL, WQ Extraction Well X X 

412 Multilev GWL, WQ ML Extraction Well  X X 

413 Multilev GWL, WQ ML Extraction Well X X 

414 Shallow GWL, WQ Extraction Well X X X 

415 Multilev GWL, WQ ML Extraction Well  X X 

416 Shallow GWL, WQ Extraction Well X X X 

417 Shallow GWL, WQ Monitoring Well X X X 

418 Shallow GWL, WQ Monitoring Well X X X 

419 Shallow GWL, WQ Extraction Well X X X 

420 Shallow GWL, WQ Monitoring Well X X X 

503 Shallow GWL, WQ Monitoring Well X 

504 Deep GWL, WQ Monitoring Well X X 

505 Shallow GWL, WQ Monitoring Well X X 

506 Shallow GWL Monitoring Well X 

507 Shallow GWL Monitoring Well X 

508 Deep GWL Monitoring Well X 

509 Shallow GWL Monitoring Well X 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

509A Shallow GWL Monitoring Well X 

510 Deep GWL Monitoring Well X 

511 Shallow GWL Monitoring Well X 

511A Shallow GWL Monitoring Well X 

512 Shallow GWL Monitoring Well X 

513 Shallow GWL Monitoring Well X 

518 Shallow GWL, WQ Monitoring Well X 

519 Deep GWL, WQ Monitoring Well X 

520 Shallow GWL Monitoring Well X 

524 Deep GWL, WQ Monitoring Well X X 

525 Shallow GWL, WQ Monitoring Well X X 

526 Deep GWL, WQ Monitoring Well X X 

527 Shallow GWL, WQ Monitoring Well X X 

528AR Shallow GWL, WQ ZIST Retrofit Well X X 

528BR Deep GWL, WQ ZIST Retrofit Well X X 

528CR Deep GWL, WQ ZIST Retrofit Well X X 

528DR Deep GWL, WQ ZIST Retrofit Well X X 

529AR Shallow GWL, WQ ZIST Retrofit Well X X 

529BR Shallow GWL, WQ ZIST Retrofit Well X X 

529CR Deep GWL, WQ ZIST Retrofit Well X X 

529DR Deep GWL, WQ ZIST Retrofit Well X X 

630 Shallow GWL Monitoring Well X 

640 Shallow GWL Monitoring Well X 

650 Shallow GWL Monitoring Well X 

Batiste Spring 
(BTS) 

Shallow GWL, WQ Spring X X 

Spring at Batiste Shallow GWL, WQ Spring X X 
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Table 2-3: Summary of Monitoring Locations by Objective 

Monitoring 
Location 

Hydro Unit 
Monitoring 

Data 
Well Type 

Well Used to Meet Objectives 

Don 
Plant 
Area 

PAP 
Area 

Target 
Capture 
Zones 

Assessment 
Area 

Assessment 
Area (Interim 

Targets) 

Compliance 
Area 

Road (BRS) 

Portneuf River at 
Batiste Road 
(PBATR) 

River GWL River X 

Portneuf River at 
Hwy 30 (PTRA30) 

River GWL River X 

SWP-4 Deep WQ Production Well X X 

TW-11S Shallow GWL, WQ Monitoring Well X 

TW-12S Shallow GWL, WQ Monitoring Well X 

E-1 Multilevel GWL, WQ ML Extraction Well X X X 

E-2 Multilevel GWL ML Extraction Well X X X 

M-1 (2) Multilevel GWL, WQ Monitoring Well X X 

M-2 (2) Multilevel GWL, WQ Monitoring Well X X 

M-3 (2) Multilevel GWL, WQ Monitoring Well X X 

M-4 (2) Multilevel GWL, WQ Monitoring Well X X 

M-5 (2) Multilevel GWL, WQ Monitoring Well X 

M-6 (2) Multilevel GWL, WQ Monitoring Well X 

M-7 (3) Multilevel GWL, WQ Monitoring Well X X 

M-8 (3) Multilevel GWL, WQ Monitoring Well X X 

M-9 (3) Multilevel GWL, WQ Monitoring Well X X 

M-10 (3) Multilevel GWL, WQ Monitoring Well X X 

M-11 (3) Multilevel GWL, WQ Monitoring Well X X 

M-12 Shallow GWL, WQ Monitoring Well X X 

M-13 (4) Multilevel GWL, WQ Monitoring Well X X 

NOTE: Wells in italics are proposed locations.  Numbers in parentheses are the maximum expected interval completions for multilevel wells. 
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3.0 GROUNDWATER MONITORING PROGRAM 

The groundwater monitoring program is designed to provide adequate and appropriate data to 
address groundwater monitoring objectives and support future decision making in each of the 
monitoring areas described in Section 2.3.  The plan also meets specific requirements for 
groundwater monitoring set out in the Consent Decree and VCO/CA.   

The approach used to design the monitoring program follows EPA’s Guidance for Monitoring at 
Hazardous Waste Sites: Framework for Monitoring Plan Development and Implementation (EPA 
2004). Consistent with that guidance, a discussion of monitoring objectives, the hypotheses 
that will be tested through monitoring, and the decisions to be made based on monitoring data 
precedes the description of the resultant monitoring plan.  A monitoring hypothesis is a 
statement of the relationship between the site activities and the expected outcomes of those 
activities (EPA 2004). In hypothesis testing, a formal comparison is made between two mutually 
exclusive possible statements about reality, referred to as the null (HO) and alternative (HA) 
hypotheses. The null hypothesis is given presumptive weight in the hypothesis testing 
framework and HO is only rejected as false if sample evidence strongly favors HA. Decision rules 
relate site activity and monitoring hypotheses to results of analyses in an if-then statement that 
defines the conditions that would cause a decision maker to choose an action. 

The hypothesis testing described in this plan incorporates a combination of hydrogeological 
analyses and statistical tests.  The types of analyses that will be performed vary according to 
monitoring objective. The hydrogeological analyses that will be performed include groundwater 
potentiometric surface mapping, groundwater hydraulic gradient calculation, groundwater flow 
calculation, calculation of mass flux of dissolved constituents in groundwater and surface water, 
groundwater flow path and travel time analysis, spatial analysis of groundwater constituent 
concentrations, calculation of mass removal of constituents from groundwater by extraction, and 
evaluation of hydraulic capture. Statistical methods will be used to compare analytical results to 
a standard and evaluate trends in concentrations over time. 

Two types of errors are associated with hypothesis testing: a Type 1 (false positive) error occurs 
when HO is falsely rejected in favor of HA; and a Type 2 (false negative) error occurs when HO is 
falsely accepted when HA is in fact true. In general, when using statistical methods, the false 
positive error rate (α) can be fixed in advance of running most tests, but the false negative rate 
(β) depends on α and will increase if α is decreased.  In this plan, the null hypothesis is defined 
as the undesired outcome. This is approach consistent with RCRA corrective action monitoring 
and allows more direct control of the error rate on the desired outcome. 

The discussion in the following paragraphs provides hypotheses, decision rules, data needs, the 
analytical methods, and the data analysis methods for the five monitoring program areas as 
follows: 

 Tracking groundwater quality in the Don Plant Area and demonstrating source control; 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

 Demonstrating source control in the PAP Area; 

 Demonstrating hydraulic control of the extraction system in the Target Capture Zones; 

 Evaluating extraction system reduction in the extent and concentration of COCs in the 
Assessment Area; 

 Establishing interim target concentrations in selected Assessment Area wells; and 

 Evaluating extraction system performance in terms of preventing COC migration into the 
Off-Plant Area at concentrations above the MCL or RBC in the Compliance Area. 

3.1 Tracking Groundwater Quality in the Don Plant Area 

Groundwater quality monitoring within the Don Plant Area has been ongoing since the RI. 
Quarterly monitoring was initiated in June 2004 concurrent with the startup of the Phase 1 
extraction system. The historical monitoring data and monitoring data used for the design of the 
extraction and monitoring systems provide a basis for comparison with future monitoring data 
that will be collected once the groundwater extraction system is fully operational.  These data 
will be used to describe changes in groundwater quality over time and to help assess COC 
concentrations in target capture zones.  The data collection program in the Don Plant Area will 
be used to provide data for chemistry trend analysis, Site-wide groundwater potentiometric 
surface mapping, and groundwater elevation trends. The wells in the Don Plant Area that will be 
monitored and the data that will be collected are listed in Table 3-1.  Monitoring well locations 
are shown in Figure 3-1.  Samples of groundwater will be collected and analyzed for the 
indicator analytes shown in Table 3-2. The following data will be collected specific to evaluate 
the reduction of the extent and concentration of COCs in the Don Plant Area: 

 Quarterly groundwater level measurements in a network of monitoring wells in the Don 
Plant Area; and 

 Quarterly groundwater sample collection and analysis from a network of monitoring wells 
in the Don Plant Area. 

Groundwater quality and groundwater levels are expected to vary over time as source controls 
are implemented at the gypsum stack and in the PAP Area.  Changes in groundwater quality 
and levels (and by extension, gradient) will be quantitatively accounted for in the decision 
criteria for the Target Capture Zones. When the gypsum stack and PAP Area source controls 
are operating as intended, the extent and concentration of COCs will be reduced in the Don 
Plant Area. The null and alternate hypotheses for monitoring to demonstrate reduction in the 
extent and concentration of COCs in the Don Plant Area are: 

 H0: The concentration and extent of indicator analytes in groundwater in the Don 
Plant Area are constant (stable) increasing. 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

 HA: The concentration and extent of indicator analytes in groundwater in the Don 
Plant Area are not increasing. 

When conditions result in a decision to reject the null hypothesis, reduction in the extent and 
concentration of COCs will be demonstrated.  The decision rule for assessing reduction of 
extent and concentration of COCs in the Don Plant Area is as follows: 

If concentrations of indicator analytes in groundwater downgradient of the gypsum stack and 
PAP Areas decrease after demonstration that the source controls are operating, then source 
control is demonstrated.  

If constituents are not decreasing in extent and concentration, then the conditions contributing to 
this situation need to be evaluated and potentially addressed to ensure that the performance 
standard will be met at the POC. 

Data will be evaluated to determine the position of affected groundwater and assess trends. 
Interpreting the adequacy of the reduction in extent and concentration of COCs in the Don Plant 
Area will be performed as follows: 

 Time-series plots will be completed for indicator analytes at all monitoring points. 
(Quarterly). 

 Groundwater level data will be mapped for the Upper Zone, Lower Zone, and Bedrock in 
the Don Plant Area as part of the mapping of the entire Site based on the 
comprehensive water level data set.  An assessment will be made regarding transport 
pathways in the area (Quarterly). 

 Calculations of constituent transport time in groundwater will be revised based on 
observed conditions (Annually). 

 Concentrations of indicator analytes will be mapped to assess the extent of indicator 
analytes in groundwater and assess any migration out of the area of affected 
groundwater (Quarterly). 

 Concentrations of indicator analytes downgradient of the PAP Area will be compared to 
upgradient concentrations to assess source contributions within the PAP Area 
(Quarterly). 

 If necessary, statistical tests of trend in the concentrations of indicator constituents will 
be performed to support decisions. Details regarding the statistical methodology are 
included in Section 5 (Annually). 
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Table 3-1: Groundwater quality and water level monitoring locations, Don Plant Area. 

Monitoring 
Locaiton 

Zone Analyses TOC Elev. (ft) 

Depth to 
Top of 

Screen (ft 
bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

189 Shallow GWL, WQ 4560.72 178 187.5 

190 Bedrock GWL, WQ 4541.56 223 232.5 

191 Bedrock GWL, WQ 4579.85 175 184.5 

305 Bedrock GWL, WQ 4566.47 280 300 

307 Shallow GWL, WQ 4561.83 162 172 

308 Shallow GWL, WQ 4541.49 150.8 170.8 

309 Deep GWL, WQ 4458.14 148 168 

310 Shallow GWL, WQ 4458.64 82 87 

312 Shallow GWL, WQ 4451.13 89 97.7 

313 Bedrock GWL, WQ 4462.86 106 111 

315 Deep GWL, WQ 4462.73 120 140 

316 Shallow GWL 4462.91 82 87 

317 Deep GWL, WQ 4445.62 109.7 129.7 

318 Shallow GWL, WQ 4448.99 60 80 

319 Deep GWL, WQ 4441.77 140 160 

320 Shallow GWL, WQ 4441.71 55.4 70.4 

321 Deep GWL 4416.37 136.9 156.5 

322 Deep GWL 4415.08 133.5 143.2 

323 Bedrock GWL 4559.14 171.8 176.8 

324 Shallow GWL 4455.13 97.5 102.5 

325 Shallow GWL, WQ 4451.83 74.6 79.6 

326 Deep GWL, WQ 4452.23 105 110 

327 Shallow GWL, WQ 4433.29 59 69 

328 Shallow GWL, WQ 4414.35 45 55 

329 Deep GWL 4451.94 127.5 137.5 

330 Deep GWL 4445.34 145.7 165.7 

331 Shallow GWL, WQ 4445.6 65.5 75.5 

332 Shallow GWL, WQ 4451.17 66.3 76.3 

333 Shallow GWL, WQ 4579.54 159 169 

334 Shallow GWL, WQ 4446.98 63.5 73.5 

335D Deep GWL, WQ 4444.82 102 112 

335S Shallow GWL, WQ 4444.93 70 80 

336 Shallow GWL, WQ 4556.63 146.1 176.1 

337 Deep GWL 4455.33 117.6 157.6 

338 Shallow GWL, WQ 4455.79 58.7 78.7 

339 Shallow GWL 4456.86 56 76 

340 Shallow GWL, WQ 4443.9 61.0 76.0 

341 Shallow GWL, WQ 4450.45 65.5 80.5 

342 Shallow GWL, WQ 4462.48 61.5 76.5 

344 Deep GWL 4457.75 130.8 145.8 

346 Deep GWL, WQ 4542.93 236.2 251.5 

347 Deep GWL, WQ 4439.92 104.4 124.4 
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Table 3-1: Groundwater quality and water level monitoring locations, Don Plant Area. 

Monitoring 
Locaiton 

Zone Analyses TOC Elev. (ft) 

Depth to 
Top of 

Screen (ft 
bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

348 Shallow GWL, WQ 4439.96 53.97 73.97 

350 Shallow GWL, WQ 4441.48 77 81.5 

351 Bedrock GWL, WQ 4460.3 74.8 84.3 

352 Bedrock GWL 4471.9 95 104.5 

353 Shallow GWL 4449.76 75 84.5 

354 Shallow GWL, WQ 4463.76 80 94.5 

355 Shallow GWL 4536.38 156.5 171 

356 Shallow GWL, WQ 4458.18 72 81.5 

357 Shallow GWL, WQ 4488.56 100 109.5 
358 Shallow GWL, WQ 4492.21 99.5 109 

361AR Deep GWL, WQ 4452.42 100.2 110.2 

361BR Deep GWL 4452.22 169.3 179.3 

361CR Deep GWL 4452.19 224.5 234.5 

361DR Bedrock GWL 4452.18 264.6 274.6 

362 Shallow GWL, WQ 4451.78 64.63 74.63 

363AR Deep GWL, WQ 4454.08 106 116 

363BR Deep GWL 4454.08 136 146 

363CR Bedrock GWL 4454.08 173.9 183.9 

364AR Deep GWL, WQ 4450.06 96.5 106.5 

364BR Deep GWL 4450.06 126.6 136.6 

364CR Bedrock GWL 4450.06 155.7 160.7 

365 Shallow GWL, WQ 4446.77 56.24 66.24 

366AR Deep GWL, WQ 4445.73 94.1 104.1 

366BR Deep GWL 4445.73 118.9 123.9 

366CR Bedrock GWL 4445.73 143.1 153.1 

367 Shallow GWL, WQ 4445.38 57.95 72.95 

368AR Deep GWL 4444.1 154.6 164.6 

368BR Bedrock GWL 4443.66 184.2 195.2 

369 Shallow GWL, WQ 4446.26 55 70 

370 Shallow GWL, WQ 4446.49 56 71 

371 Shallow GWL, WQ 4447.61 58.8 73.8 

372 Shallow GWL, WQ 4444.99 56 71 

373 Shallow GWL, WQ 4442.12 55 70 

374 Shallow GWL, WQ 4441.18 55.4 70.4 

401 Shallow GWL, WQ 4555.84 174.7 204.7 

402 Shallow GWL, WQ 4543.2 174.5 215 

403 Shallow GWL, WQ 1 4474.75 68 88 

404 Shallow GWL, WQ 1 4475.84 75 95 

405 Shallow GWL, WQ 1 4468.54 65.5 85.5 

406 Shallow GWL, WQ 1 4463.76 67 87 

407 Shallow GWL, WQ 1 4474.78 76.5 96.5 

408 Shallow GWL, WQ 1 4457.42 65.5 85.5 
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Table 3-1: Groundwater quality and water level monitoring locations, Don Plant Area. 

Monitoring 
Locaiton 

Zone Analyses TOC Elev. (ft) 

Depth to 
Top of 

Screen (ft 
bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

409 Shallow GWL, WQ 1 4456.08 59.5 79.5 

410 Deep GWL, WQ 1 4456.43 120 160 

411 Deep GWL, WQ 4458.3 115.5 155.5 

412 Multi Level GWL, WQ 4451.72 57.3 179.4 

413 Multi Level GWL, WQ 4447.46 53 134 

414 Shallow GWL, WQ 4447.49 60.5 70.5 

415 Multi Level GWL, WQ 4459.06 72.9 145.8 

416 Shallow GWL, WQ 4444.27 56.3 71.3 

417 Shallow GWL, WQ 4444.21 56.9 71.9 

418 Shallow GWL, WQ 4442.09 60 80 

419 Shallow GWL, WQ 4445.93 60.3 85.3 

420 Shallow GWL, WQ 4442.38 60 90 

SWP-4 Deep WQ 4447.5 148.0 218.0 

M-12 Shallow GWL Proposed Location 

M-13 Deep - Multilevel GWL, WQ Proposed Location 

E-1 Multi Level GWL, WQ Proposed Location 

E-2 Multi Level GWL Proposed Location 

Notes: 
GWL = Groundwater level 
WQ = Water quality sample 
1 – Water quality samples will only be obtained if the extraction well is active 
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Table 3-2: Indicator Analyte List for Groundwater  

Analyte Method 

Reporting Limit 
(RL) or 

Field Meter 
Sensitivity 

Units 

Field Parameters 

Oxidation Reduction Potential Field Meter 1 mV mV 

Oxygen, Dissolved Field Meter 0.1 mg/L 

pH Field Meter ±0.1 SU 

Specific Conductivity Field Meter 5 µmho/cm 

Temperature Field Meter 0.1 oC 

Turbidity Field Meter ±0.1 NTU 

General Chemistry 
Alkalinity SM 2320B 1 mg/L 

Chloride EPA 300.0 0.2 mg/L 

Hardness SM 2340B 0.347 mg/L 

Sulfate EPA 300.0 0.3 mg/L 

TDS SM 2540C 10 mg/L 

Metals 
Arsenic EPA 200.8 0.003 mg/L 

Calcium EPA 200.7 0.04 mg/L 

Magnesium EPA 200.7 0.06 mg/L 

Potassium EPA 200.7 0.5 mg/L 

Sodium EPA 200.7 0.5 mg/L 

Nutrients 
Nitrite+Nitrate (as N) EPA 353.2 0.02 mg/L 

Phosphorus, Total EPA 365.2 0.01 mg/L 
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3.2 Demonstrating Source Control in the PAP Area 

Groundwater monitoring will be performed in selected wells in the PAP Area to evaluate source 
control effectiveness. Groundwater quality data will be used to assess changes in water quality 
over time and to help evaluate source control effectiveness in the PAP Area.  The wells in the 
PAP Area that will be monitored are listed in Table 3-3.  Monitoring well locations are shown in 
Figure 3-2. The following data will be collected to evaluate source control in the PAP Area; the 
scope of the data collection program varies based on field observations: 

 Monthly pH measurements in a network of monitoring and extraction wells in the PAP 
Area (wells 340, 367, 369, 370, 371, 372, 373, 374, 416, 417, 418, 419, and 420), 

 Quarterly groundwater sample collection and analysis from the PAP Area wells will be 
performed as part of the network , as part of the site-wide sampling effort, 

 Quarterly groundwater level measurements from the PAP Area well network , as part of 
the site-wide sampling effort, 

 More frequent groundwater sample collection and analysis from the monitoring and 
extraction well network will be obtained based on the results of the in situ pH 
measurements as follows: 

o	 If the pH a PAP Area well is less than 5 s.u. then groundwater quality samples 
will be collected from the well and analyzed for indicator parameters (Table 3-2). 
If the results of sampling indicate that total phosphorus concentration is elevated 
above the upgradient concentration (see below for definition) then groundwater 
samples will be collected from the well weekly and analyzed for indicator 
parameters. 

o	 If the pH a PAP Area well is less than 4 s.u. then the weekly groundwater quality 
samples will be analyzed for both indicator parameters and total metals (Table 3
4). 

o	 If the concentration of any of the metals reaches levels considered characteristic 
of hazardous waste (Table 3-5), a duplicate sample will be analyzed by the 
Toxicity Characteristic Leaching Procedure (TCLP) according to the methods 
listed in Table 3-5. TCLP analyses will be performed as necessary to confirm the 
results of total metals analyses. 

The status of groundwater monitoring effort and results of analyses are reported monthly in a 
PAP Area Status Report. Any change in condition resulting in the addition of analyses is 
implemented as soon as conditions warrant and the change of status is documented in a letter 
to regulatory agencies. 
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The results of groundwater sample analysis will be used to compare groundwater COC 
concentrations upgradient to concentrations within and downgradient the PAP Area and 
evaluate whether the remedy objective of source control in the Plant Area is being achieved. 
Upgradient concentrations are defined as the concentration observed in either well 325, 334, or 
341. Upgradient groundwater concentrations vary, and selection of the appropriate well for a 
point to point comparison is based on a flow path analysis.  When the gypsum stack and PAP 
Area source controls are operating as intended, the concentration of COCs will be reduced in 
the PAP Area and downgradient.  The null and alternate hypotheses for monitoring to 
demonstrate source control in the PAP Area are: 

 H0: The concentrations of indicator analytes in groundwater downgradient of the PAP 
Area are greater than those upgradient of the PAP Area. 

 HA: The concentrations of indicator analytes in groundwater downgradient of the PAP 
Area are less than or equal to than those upgradient of the PAP Area. 

When conditions result in a decision to reject the null hypothesis, source control in the PAP 
Area will be demonstrated.  The decision rule for assessing source control in the PAP Area is as 
follows: 

If the concentration of phosphorus in groundwater within or downgradient of the PAP Area is 
less than or equal to the upgradient concentration, then source control is demonstrated.  

If conditions dictate acceptance of the null hypothesis, indicator analytes downgradient of the 
PAP Area will be significantly greater than levels representing stack-affected water upgradient 
of the PAP Area.  If the investigation indicates that groundwater extraction is necessary, a start
up plan will be prepared and submitted for agency approval, as described in the Operations and 
Maintenance Plan (Formation, 2009). Groundwater extraction is currently feasible from the 
large-diameter wells installed down gradient of the plant (wells 414, 416, 417, 418, 419, and 
420). If conditions return to normal, then a change of operating status will be requested in a 
letter to regulatory agencies.  Normal conditions are indicated by no significant difference in 
groundwater quality in the PAP Area wells as compared to upgradient water quality. 
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Table 3-3: Locations for Additional Data Collection, Phosphoric Acid Plant Area. 

Monitoring 
Location 

Zone Analyses 
TOC 
Elev 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of Screen 
(ft bgs) 

325 Shallow GWL, WQ 4451.83 74.6 79.6 

334 Shallow GWL, WQ 4446.98 63.5 73.5 

335S Shallow GWL, WQ 4444.93 70 80 

341 Shallow GWL, WQ 4450.45 65.5 80.5 

340 Shallow GWL, WQ 4443.9 61.0 76.0 

367 Shallow GWL, WQ 4445.38 58.0 73.0 

369 Shallow GWL, WQ 4446.26 55 70 

370 Shallow GWL, WQ 4446.49 56 71 

371 Shallow GWL, WQ 4447.61 58.8 73.8 

372 Shallow GWL, WQ 4444.99 56 71 

373 Shallow GWL, WQ 4442.12 55 70 

374 Shallow GWL, WQ 4441.18 55.4 70.4 

414 Shallow GWL, WQ 4447.49 60.5 70.5 

416 Shallow GWL, WQ 4444.27 56.3 71.3 

417 Shallow GWL, WQ 4444.21 56.9 71.9 

418 Shallow GWL, WQ 4442.09 60 80 

419 Shallow GWL, WQ 4445.93 60.3 85.3 

420 Shallow GWL, WQ 4442.38 60 90 

Table 3-4: Total Metals Analyte List 

Analyte Method 
Reporting 
Limit (RL) 

Units 

Arsenic 200.8 0.003 mg/L 
Barium 200.8 0.003 mg/L 
Cadmium 200.8 0.0002 mg/L 
Chromium 200.8 0.006 mg/L 
Lead 200.8 0.001 mg/L 
Selenium 200.8 0.002 mg/L 
Silver 200.8 0.002 mg/L 
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Table 3-5: TCLP Metals Analyte List 

Analyte Method 
Reporting 
Limit (RL) 

Characteristic 
Limit 

Units 

TCLP Arsenic 1311/6020A 0.05 5.0 mg/L 
TCLP Barium 1311/6020A 0.05 100 mg/L 

TCLP Cadmium 1311/6020A 0.05 1.0 mg/L 
TCLP Chromium 1311/6020A 0.05 5.0 mg/L 

TCLP Lead 1311/6020A 0.05 5.0 mg/L 
TCLP Mercury 1311/6020A 0.05 0.2 mg/L 

TCLP Selenium 1311/6020A 0.05 1.0 mg/L 
TCLP Silver 1311/6020A 0.05 5.0 mg/L 
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3.3 Demonstrating Hydraulic Control in the Target Capture Zones 

The groundwater extraction system consists of a network of shallow and deep extraction wells 
located near the northern edge of the gypsum stack and shallow wells downgradient of the 
central plant area.  Demonstrating hydraulic control in the Target Capture Zones will be 
performed according to EPA’s Systematic Approach for Evaluation of Capture Zones at Pump 
and Treat Systems (EPA 2008). 

The wells in the Target Capture Zones where additional data will be collected are listed in Table 
3-6. Monitoring well locations are shown in Figure 3-3.  Samples of groundwater will be 
collected and analyzed for the indicator analytes shown in Table 3-2. Requirements for 
conducting measurements and analyses of data in the Target Capture Zones include: 

 Measurements of well operation data, (pumping rate and water level); 

 Quarterly groundwater level measurements in a network of shallow and deep monitoring 
wells in the vicinity of the extraction wells; and 

 Quarterly groundwater quality sampling for indicator analytes. 

GWRD_MonitoringPlan_2010.docx	 45 



   

 

 

 

 
  

 
 

 

 

 

 

      

      

      

      

      

      

      

     

      

      

 
     

     

   

     

     

     

     

     

     

     

     

 

   

     

     

Groundwater and Surface Water Monitoring Plan June 2010 

Table 3-6: Locations for Additional Data Collection, Target Capture Zones 

Monitoring 
Location 

Hydro Unit Capture Zone 
Pumping 

Well 
Analyses TOC Elev 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of Screen 
(ft bgs) 

Fence Line Zone 

401 Shallow Fence Line Y GWL, WQ 4555.84 174.7 204.7 

402 Shallow Fence Line Y GWL, WQ 4543.2 174.5 215 

189 Shallow Fence Line N GWL, WQ 4560.72 178 187.5 

307 Shallow Fence Line N GWL, WQ 4561.83 162 172 

308 Shallow Fence Line N GWL, WQ 4541.49 150.8 170.8 

336 Shallow Fence Line N GWL, WQ 4556.63 146.1 176.1 

415 Multi Level Fence Line Y GWL, WQ 4459.06 72.9 145.8 

346 Deep Fence Line N GWL, WQ 4542.93 236.2 251.5 

309 Deep Fence Line N GWL, WQ 4458.14 148 168 

310 Shallow Fence Line N GWL, WQ 4458.64 82 87 

Lower East 1 Zone 
411 Deep Lower East 1 Y GWL, WQ 4458.3 115.5 155.5 

412 Multi Level Lower East 1 Y GWL, WQ 4451.72 57.3 179.4 

E-1 Multi Level Upper East 1 Y GWL, WQ Proposed Location 

326 Deep Lower East 1 N GWL, WQ 4452.23 105 110 

337 Deep Lower East 1 N GWL 4455.33 117.6 157.6 

344 Deep Lower East 1 N GWL 4457.75 130.8 145.8 

410 Deep Lower East 1 N GWL, WQ 4456.43 120 160 

361AR Deep Lower East 1 N GWL, WQ 4452.42 100.2 110.2 

361BR Deep Lower East 1 N GWL 4452.22 169.3 179.3 

361CR Deep Lower East 1 N GWL 4452.19 224.5 234.5 

361DR Bedrock Lower East 1 N GWL 4452.18 264.6 274.6 

Lower East 2 Zone 

E-2 Multi Level Lower East 2 Y GWL, WQ Proposed Location 

413 Multi Level Lower East 2 Y GWL, WQ 4447.46 53 134 

363AR Deep Lower East 2 N GWL, WQ 4454.08 106 116 
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Groundwater and Surface Water Monitoring Plan June 2010 

Table 3-6: Locations for Additional Data Collection, Target Capture Zones 

Monitoring 
Location 

Hydro Unit Capture Zone 
Pumping 

Well 
Analyses TOC Elev 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of Screen 
(ft bgs) 

363BR Deep Lower East 2 N GWL 4454.08 136 146 

363CR Bedrock Lower East 2 N GWL 4454.08 173.9 183.9 

364AR Deep Lower East 2 N GWL, WQ 4450.06 96.5 106.5 

364BR Deep Lower East 2 N GWL 4450.06 126.6 136.6 

364CR Bedrock Lower East 2 N GWL 4450.06 155.7 160.7 

366AR Deep Lower East 2 N GWL, WQ 4445.73 94.1 104.1 

366BR Deep Lower East 2 N GWL 4445.73 118.9 123.9 

366CR Bedrock Lower East 2 N GWL 4445.73 143.1 153.1 

368AR Deep Lower East 2 N GWL 4444.1 154.6 164.6 

368BR Bedrock Lower East 2 N GWL 4443.66 184.2 195.2 

317 Deep Lower East 2 N GWL, WQ 4445.62 109.7 129.7 

Lower Central Zone 

SWP-4 Deep Lower Central Y WQ 4447.5 148.0 218.0 

M-13 Deep - Multilevel Lower Central N GWL, WQ Proposed Location 

Upper Central Zone 

414 Shallow Upper Central Y GWL, WQ 4447.49 60.5 70.5 

416 Shallow Upper Central Y GWL, WQ 4444.27 56.3 71.3 

419 Shallow Upper Central Y GWL, WQ 4445.93 60.3 85.3 

335S Shallow Upper Central N 

340 Shallow Upper Central N GWL, WQ 4443.9 61 76 

367 Shallow Upper Central N GWL, WQ 4445.38 57.95 72.95 

369 Shallow Upper Central N GWL, WQ 4446.26 55 70 

370 Shallow Upper Central N GWL, WQ 4446.49 56 71 

371 Shallow Upper Central N GWL, WQ 4447.61 58.8 73.8 

372 Shallow Upper Central N GWL, WQ 4444.99 56 71 

373 Shallow Upper Central N GWL, WQ 4442.12 55 70 

374 Shallow Upper Central N GWL, WQ 4441.18 55.4 70.4 

417 Shallow Upper Central N GWL, WQ 4444.21 56.9 71.9 
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Groundwater and Surface Water Monitoring Plan June 2010 

Table 3-6: Locations for Additional Data Collection, Target Capture Zones 

Monitoring 
Location 

Hydro Unit Capture Zone 
Pumping 

Well 
Analyses TOC Elev 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of Screen 
(ft bgs) 

418 Shallow Upper Central N GWL, WQ 4442.09 60 80 

420 Shallow Upper Central N GWL, WQ 4442.38 60 90 

Upper East 1 Zone 

405 Shallow Upper East 1 N GWL, WQ 4468.54 65.5 85.5 

316 Shallow Upper East 1 N GWL 4462.91 82 87 

354 Shallow Upper East 1 N GWL, WQ 4463.76 80 94.5 

362 Shallow Upper East 1 N GWL, WQ 4451.78 64.63 74.63 

403 Shallow Upper East 1 N GWL, WQ 4474.75 68 88 

404 Shallow Upper East 1 Y GWL, WQ 4475.84 75 95 

Upper East 2 Zone 

406 Shallow Upper East 2 Y GWL, WQ 4463.76 67 87 

357 Shallow Upper East 2 N GWL, WQ 4488.56 100 109.5 

338 Shallow Upper East 2 N GWL, WQ 4492.21 99.5 109 

339 Shallow Upper East 2 N GWL 4456.86 56 76 

407 Shallow Upper East 2 N GWL, WQ 4474.78 76.5 96.5 

408 Shallow Upper East 2 N GWL, WQ 4457.42 65.5 85.5 

Upper East 3 Zone 

E-2 Multi Level Upper East 3 Y GWL, WQ Proposed Location 

409 Shallow Upper East 3 Y GWL, WQ 4456.08 59.5 79.5 

328 Shallow Upper East 3 N GWL, WQ 4414.35 45 55 

350 Shallow Upper East 3 N GWL, WQ 4441.48 77 81.5 

332 Shallow Upper East 3 N GWL, WQ 4451.17 66.3 76.3 

365 Shallow Upper East 3 N GWL, WQ 4446.77 56.24 66.24 

318 Shallow Upper East 3 N GWL, WQ 4448.99 60 80 

M-12 Shallow Upper East 3 N GWL, WQ Proposed Location 

Notes: 
GWL = Groundwater level 
WL = Water level 
WQ = Water quality sample 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

When the extraction system is operating as intended, affected groundwater should be captured 
by the extraction wells to the extent necessary to meet remedial objectives.  The null and 
alternate hypotheses for monitoring to demonstrate hydraulic control are: 

 H0: Groundwater from the source areas is not adequately captured by the 
groundwater extraction wells. 

 HA: Groundwater from the source areas is adequately captured by the groundwater 
extraction wells. 

When conditions result in a decision to reject the null hypothesis, hydraulic control will be 
demonstrated. Because groundwater levels may vary, demonstration of hydraulic control under 
a range of seasonal conditions is needed. 

The decision rule for assessing hydraulic control is as follows: 

If the capture zone analysis, performed according to EPA’s Systematic Approach for 
Evaluation of Capture Zones at Pump and Treat Systems (EPA 2008), indicates that the 
extraction system capture is adequate to meet downgradient monitoring objectives, then 
hydraulic control will be demonstrated. 

An initial capture zone analysis was performed as part of the remedial design (NewFields 2008). 
This analysis will be updated quarterly based on monitoring data.  Demonstrating hydraulic 
control in the Target Capture Zones will be performed according to EPA’s Systematic Approach 
for Evaluation of Capture Zones at Pump and Treat Systems (EPA 2008).  The EPA approach 
involves a six-step systematic evaluation of capture zones: 

 Step 1 – review site data, site CSM and remedy objectives; 

 Step 2 – define the target capture zones; 

 Step 3 – interpret water levels; 

 Step 4 – perform calculations including flow budget, capture zone width calculation and 
modeling including particle tracking or transport modeling; 

 Step 5 – evaluate concentration trends; and 

 Step 6 – interpret actual capture based on steps 1-5, compare the actual capture to the 
target capture and assess uncertainties and data gaps. 

An initial capture zone analysis was performed as part of the remedial design (Formation 
2009b). Portions of this analysis will be updated quarterly based on monitoring data and a 
comprehensive evaluation of performance will be conducted annually.  The analyses that will be 
presented and the frequency with which they will be provided are as follows: 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

 Groundwater level data will be mapped for the Upper and Lower Zones separately over 
the entire Site based on the comprehensive water level data set.  Additional details will 
be provided in the target capture zones and an assessment made regarding well 
influence based on the resulting potentiometric surface maps (Quarterly). 

 Analytical and numerical capture calculations will be revised based on observed 
conditions (Annually). 

 The mass removed by the extraction system will be calculated and compared to the 
target mass removal rate and the calculation of the total mass flux of gypsum stack 
affected groundwater will be revised (Quarterly). 

 Concentration trends in downgradient monitoring wells will be compared to trends in 
extraction wells and upgradient monitoring wells to assess the effectiveness of extraction 
system capture (Annually). 

 Interpret actual capture based on the six-step process and compare the actual capture 
to the target capture and assess uncertainties and data gaps (Annually). 

3.4 	 Evaluating Extraction System Reduction in the Extent and Concentration of COCs 
in the Assessment Area 

During the design of the monitoring system, a thorough review of Site data was completed to 
adequately define the lateral and vertical extent of affected groundwater.  Monitoring wells in 
this area are located such that representative samples of affected groundwater may be obtained 
and the boundary of affected groundwater delineated.  The monitoring well and extraction well 
networks have been installed in a phased approach. Groundwater quality monitoring within the 
Assessment Area has been ongoing since the RI began in 1992. Quarterly monitoring was 
initiated in June 2004 concurrent with the startup of the phase 1 extraction system.  The data 
collection program in the Assessment Area will be used to directly support decisions about the 
performance of the groundwater extraction system, will be beneficial for understanding Site 
conditions after the remedy is implemented, and may also prove useful for developing corrective 
actions, if any are needed to meet long-term performance standards at the POCs. 

The wells in the Assessment Area that will be monitored and the data that will be collected are 
listed in Table 3-7.  Monitoring well locations are shown in Figure 3-4.  Samples of groundwater 
will be collected and analyzed for the indicator analytes shown in Table 3-2.  The following data 
will be collected specific to evaluate the reduction of the extent and concentration of COCs in 
the Assessment Area: 

 Quarterly groundwater level measurements in a network of monitoring wells in the 
Assessment Area. 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

 Quarterly surface water level measurements in the Portneuf River at the Highway 30 and 
Batiste Road bridges. 

 Quarterly groundwater sample collection and analysis from a network of monitoring wells 
in the Assessment Area. 

 Quarterly water sample collection and analysis from Batiste and Batiste Road springs. 

Table 3-7: Monitoring Locations, Assessment Area. 

Monitoring Location Zone Analyses 
TOC Elev. 

(ft) 

Depth to Top 
of Screen 

(ft bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

503 Shallow GWL, WQ 4400.25 39.9 49.5 

504 Deep GWL, WQ 4394.99 153.8 163.4 

505 Shallow GWL, WQ 4395.71 30.3 39.9 

506 Shallow GWL 4402.43 77.2 97.2 

507 Shallow GWL 4402.48 25 35 

508 Deep GWL 4392.88 98.7 108.7 

509 Shallow GWL 4392.32 69.2 79.2 

509A Shallow GWL 4392.18 10.5 25 

510 Deep GWL 4399.8 99.3 109.3 

511 Shallow GWL 4399.67 60 70 

511A Shallow GWL 4399.67 10.5 25 

512 Deep GWL 4414.64 71.7 81.3 

513 Shallow GWL 4414.91 25.3 35.3 

518 Shallow GWL, WQ 4417.15 40.3 50.3 

519 Deep GWL, WQ 4399.54 85.3 105.3 

520 Shallow GWL 4398.8 26.2 36.2 

524 Deep GWL, WQ 4399.92 48.5 58.5 

525 Shallow GWL, WQ 4399.61 17.8 27.8 

526 Deep GWL, WQ 4429.19 104.58 124.58 

527 Shallow GWL, WQ 4428.85 40.08 60.08 

528AR Shallow GWL, WQ 4416.99 59.9 69.9 

528BR Deep GWL, WQ 4416.94 90.2 100.2 

528CR Deep GWL, WQ 4416.98 120.8 130.8 

528DR Deep GWL, WQ 4417.13 185.8 195.8 

529AR Shallow GWL, WQ 4414.53 26.1 36.1 

529BR Shallow GWL, WQ 4414.53 55.1 65.1 

529CR Deep GWL, WQ 4414.53 75.1 85.1 

529DR Deep GWL, WQ 4414.59 110.4 120.4 

630 Shallow GWL 4449.48 45.5 60.5 

640 Shallow GWL 4425.65 31.5 46.5 

650 Shallow GWL 4416.39 19.5 34.5 

TW-11S Shallow GWL, WQ 4426.18 48 58 
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Groundwater and Surface Water Monitoring Plan June 2010 

Table 3-7: Monitoring Locations, Assessment Area. 

Monitoring Location Zone Analyses 
TOC Elev. 

(ft) 

Depth to Top 
of Screen 

(ft bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

TW-12S Shallow GWL, WQ 4436.26 54 62 

Portneuf River at Batiste 
Road (PBATR) 

River SWL Surface Water Location 

Portneuf River at Hwy 
30 (PTRA30) 

River SWL Surface Water Location 

Batiste Spring (BTS) Shallow WQ Surface Water Location 

Spring at Batiste Road 
(BRS) 

Shallow WQ Surface Water Location 

M-1 Multilevel GWL, WQ Proposed Location 

M-2 Multilevel GWL, WQ Proposed Location 
M-3 Multilevel GWL, WQ Proposed Location 

M-4 Multilevel GWL, WQ Proposed Location 

M-5 Multilevel GWL, WQ Proposed Location 

M-6 Multilevel GWL, WQ Proposed Location 

M-7 Multilevel GWL, WQ Proposed Location 

M-8 Multilevel GWL, WQ Proposed Location 

M-9 Multilevel GWL, WQ Proposed Location 

M-10 Multilevel GWL, WQ Proposed Location 

M-11 Multilevel GWL, WQ Proposed Location 

Notes: 
GWL = Groundwater level 
SWL = Surface Water level 
WQ = Water quality sample 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

When the extraction system is operating as intended, the extent and concentration of COCs will 
be reduced in the Assessment Area. The null and alternate hypotheses for monitoring to 
demonstrate reduction in the extent and concentration of COCs in the assessment area are: 

 H0: The concentration and extent of indicator analytes in groundwater in the 
Assessment Area are constant (stable) or increasing. 

 HA: The concentration and extent of indicator analytes in groundwater in the 
Assessment Area are decreasing. 

When conditions result in a decision to reject the null hypothesis, reduction in the extent and 
concentration of COCs in the Assessment Area will be demonstrated.  The decision rule for 
assessing reduction of extent and concentration of COCs in the assessment area is as follows: 

If the concentration of indicator analytes in groundwater downgradient of the extraction 
system increases significantly after demonstration that the extraction system is operating, 
then the conditions  contributing to that change need to be evaluated and potentially 
addressed to ensure that the performance standard will be met at the POC. 

Data will be evaluated to determine the position of affected groundwater and assess trends. 
Interpreting the adequacy of the reduction in extent and concentration of COCs in the 
Assessment Area will be performed as follows: 

 Groundwater level data will be mapped for the Upper Zone in the Assessment Area as 
part of the mapping of the entire Site based on the comprehensive water level data set. 
An assessment will be made regarding transport pathways in the area (Quarterly). 

 Analysis of constituent concentrations along mapped transport pathways will be 
performed to evaluate trends and assess attenuation or desorption effects (Annually). 

 Calculations of constituent transport time in groundwater will be revised based on 
observed conditions (Annually). 

 Concentrations of indicator analytes will be mapped to assess the extent of indicator 
analytes in groundwater and assess any migration out of the area of affected 
groundwater that will be mapped during monitoring well installation (Quarterly). 

 Statistical tests of trends in concentrations of indicator constituents will be performed in 
wells in the Assessment Area. Details regarding the statistical methodology are included 
in Section 5. (Annually). 

 Surface water stage data will be mapped to assess the losing and gaining reaches of the 
Portneuf River (Quarterly). 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

3.5 	 Evaluating Performance Using Interim Target Concentrations in Selected 
Assessment Area Wells 

A profile of the plume of affected groundwater will be obtained using groundwater quality data 
from monitoring wells installed downgradient of all site sources in a line just north of Highway 30 
in the southern portion of the Assessment Area (Figure 3-5).  By understanding the relationship 
between the average plume concentration near Highway 30 and the average plume 
concentration in the Compliance Area an interim target concentration can be established for the 
plume at Highway 30, which will provide an additional means for identifying conditions that may 
result in applicable standards being exceeded at the POC.  The term ‘interim’ is applied in a 
spatial context since the locations of the monitoring wells will be upgradient of the POC and a 
temporal context since conditions observed at the interim target monitoring locations may be 
indicative of future conditions at the POC, accounting for groundwater travel time.  The most 
effective use of the interim target concentration will be after the period where source controls 
have taken effect and groundwater concentrations in the Assessment Area have stabilized.  At 
this point, the interim target concentration should be able to provide an early indication of a 
potential exceedance at the POC. Concepts for the development of the interim target 
concentration are discussed in the following paragraphs. 

A relationship between the average plume concentration at the POC and in the southern portion 
of the Assessment Area must be established.  It is reasonable to expect that the interim target 
concentration will be higher than the average groundwater concentration at the POC to account 
for dilution and attenuation processes. The relationship between the interim target 
concentration and the compliance concentration can be expressed mathematically as follows:

 CIT = CPOC x DAF 

where: 

CIT = interim target concentration 

CPOC= compliance concentration 

DAF= dilution and attenuation factor 

Both the compliance concentration (CPOC) and the interim target concentration (CIT) are 
applicable to the average affected groundwater concentration. Monitoring wells in each area 
must be able to delineate the lateral and vertical extent of the affected groundwater and provide 
representative water quality samples of the affected groundwater.  These monitoring objectives 
will be accomplished through groundwater sampling and water level measurement in the 
Assessment Area at the new nested wells M-7, M-8, M-9, M-10 M-11 and the existing well nests 
528, 529 and 526/527, and in the Compliance Area at the new nested wells M-1, M-2, M-3 and 
M-4 and at existing Compliance Area well pairs 504/505 and 524/525.  The concentration CIT 

and CPOC will be calculated as the average concentration in groundwater samples collected from 
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Groundwater and Surface Water Monitoring Plan	 June 2010 

the screen interval in these wells that is shown to be within the plume of affected groundwater. 
The DAF can then be calculated as follows: 

DAF = CIT / CPOC 

The DAF will be calculated continuously as monitoring data are collected.  The DAF is expected 
to change as the concentrations in the down gradient monitoring wells change due to the 
implementation of the extraction system.  Since the groundwater travel time from the upgradient 
assessment wells to the point of compliance is currently estimated to be 2 to 3 years, a 
differential effect on groundwater concentrations in the two areas is likely to be observed – initial 
effects in the assessment wells may be observed at the assessment wells within the first year of 
the initiation of extraction but not for over 3 years at the point of compliance.  Two conditions 
must be satisfied before the DAF is used to calculate a CIT from the CPOC and the CIT is used as 
an action level: 

 CPOC must be in compliance and 

 Enough data must be obtained to provide for an adequate assessment of the 
concentration trends in monitoring wells used in the compliance and assessment areas 
and the effect of travel time on DAF calculations. 

The selected wells in the Assessment Area that will be used to both delineate the lateral and 
vertical extent of the affected groundwater in the upgradient portion of the area and provide 
representative water quality samples of the affected groundwater are listed in Table 3-8. 
Monitoring well locations are shown in Figure 3-5.  Samples of groundwater will be collected 
and analyzed for the indicator analytes shown in Table 3-2. Note that these wells are located in 
the Assessment Area and no additional data collection beyond that required for Assessment 
Area wells is required at these locations. 

Table 3-8: 	 Groundwater Monitoring Locations, Locations for Interim Target 

Calculation. 


Monitoring 
Location 

Zone Analyses TOC Elev. (ft) 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

526 Deep GWL, WQ 4429.19 104.6 124.6 

527 Shallow GWL, WQ 4428.85 40.1 60.1 

528AR Shallow GWL, WQ 4416.99 59.9 69.9 

528BR Deep GWL, WQ 4416.94 90.2 100.2 

528CR Deep GWL, WQ 4416.98 120.8 130.8 

528DR Deep GWL, WQ 4417.13 185.8 195.8 

529AR Shallow GWL, WQ 4414.53 26.1 36.1 

529BR Shallow GWL, WQ 4414.53 55.1 65.1 
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Groundwater and Surface Water Monitoring Plan June 2010 

Table 3-8: Groundwater Monitoring Locations, Locations for Interim Target 
Calculation. 

Monitoring 
Location 

Zone Analyses TOC Elev. (ft) 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of 
Screen 
(ft bgs) 

529CR Deep GWL, WQ 4414.53 75.1 85.1 

529DR Deep GWL, WQ 4414.59 110.4 120.4 

M-7 Multilevel GWL, WQ Proposed Location 

M-8 Multilevel GWL, WQ Proposed Location 

M-9 Multilevel GWL, WQ Proposed Location 

M-10 Multilevel GWL, WQ Proposed Location 

M-11 Multilevel GWL, WQ Proposed Location 

Notes: 
GWL = Groundwater level 
WL = Water level 
WQ = Water quality sample 
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The null and alternate hypotheses for monitoring to demonstrate that the interim target 
concentration of indicator analytes is being met are as follows: 

 H0: The mean COC concentration ≥ CIT 

 HA: The mean COC concentration < CIT 

When conditions result in a decision to reject the null hypothesis, the interim target 
concentration of COCs in the assessment area will be demonstrated. The decision rule for 
assessing reduction of extent and concentration of COCs in the assessment area is as follows: 

If the 95% upper confidence limit (UCL) on the mean of the concentration in groundwater 
samples collected from monitoring wells within the plume of affected groundwater 
exceeds the target concentration, then the conditions contributing to the higher than 
expected concentrations and the potential effect on compliance at POC will be 
evaluated. 

Maintenance of the interim target concentration for COCs will be demonstrated by ongoing 
evaluation of average indicator analyte concentrations in the selected wells (Table 3-8).  The 
statistical procedures for comparing the mean concentration to the interim target concentration 
value are described in Section 5. 

3.6 	 Evaluate Source Control System Prevention in the Migration into the Off-Plant 
Area at Concentrations Above the MCL or RBC 

To demonstrate that groundwater migration into the Off-Plant Area is not occurring at 
concentrations above an applicable groundwater protection standard (GWPS) such as a MCL, 
the mean concentration in groundwater will be calculated and compared to the standard on an 
interval by interval basis for each well in the compliance area.  A confidence interval on the 
mean will be used to evaluate whether the mean is above or below the GWPS similar to that 
performed for RCRA facilities.  For example, in corrective action monitoring at RCRA facilities, 
where actions are driving concentrations lower in an effort to meet the GWPS, the entire 
confidence interval must be below the GWPS to provide statistically significant evidence that the 
mean is below the GWPS. In RCRA compliance monitoring, where an unaffected location is 
being evaluated for compliance with a GWPS, the entire confidence interval must be above the 
GWPS to provide statistically significant evidence that the mean is above the GWPS.  

To make a comparison to groundwater goals that are based on surface water quality criteria 
such as TMDL goals, the discharge load of the constituent from the groundwater system to the 
Portneuf River is the primary consideration.  The load value can be converted to an average 
concentration of affected groundwater (CPOC) in the compliance area by considering the 
discharge rates of both the groundwater and the river. The discharge rate of affected 
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groundwater in the Compliance Area is a function of the hydraulic conductivity, hydraulic 
gradient, and cross-sectional flow area of the zone of affected groundwater.   

Monitoring wells in the compliance area must be able to delineate the lateral and vertical extent 
of the affected groundwater and provide representative water quality samples of the affected 
groundwater. These monitoring objectives will be accomplished through groundwater sampling 
and water level measurement in the compliance area at the new nested wells M-1, M-2, M-3, 
and M-4 and at existing well pairs 504/505 and 524/525.  In addition, water quality data from 
Batiste Spring and the Batiste Road Spring are also available. 

The wells and springs in the Compliance Area that will be monitored and the data that will be 
collected are listed in Table 3-9.  Monitoring well locations are shown in Figure 3-6.  Samples of 
groundwater will be collected and analyzed for the analytes shown in Table 3-10.  The following 
data will be collected specific to evaluate the reduction of the extent and concentration of COCs 
in the Compliance Area: 

 Quarterly groundwater level measurements at monitoring wells in the Compliance Area; 
and 

 Quarterly groundwater sample collection and analysis from monitoring wells and springs 
in the Compliance Area 

Table 3-9: Groundwater Monitoring Locations, Compliance Area. 

Monitoring Location Zone Analyses 
TOC Elev. 

(ft) 

Depth to 
Top 

of Screen 
(ft bgs) 

Depth to 
Bottom 

of Screen 
(ft bgs) 

504 Deep GWL, WQ 4394.99 153.8 163.4 

505 Shallow GWL, WQ 4395.71 30.3 39.9 

524 Deep GWL, WQ 4399.92 48.5 58.5 

525 Shallow GWL, WQ 4399.61 17.8 27.8 

Batiste Spring (BTS) Shallow WQ Surface Water Location 

Spring at Batiste Road (BRS) Shallow WQ Surface Water Location 

M-1 Multilevel GWL, WQ Proposed Location 

M-2 Multilevel GWL, WQ Proposed Location 

M-3 Multilevel GWL, WQ Proposed Location 

M-4 Multilevel GWL, WQ Proposed Location 

Notes: 
GWL = Groundwater level 
WL = Water level 
WQ = Water quality sample 
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Table 3-10: Expanded Analyte List 

Analyte Method 
Reporting 
Limit (RL) 

Units 

Field Parameters 
Oxidation Reduction Potential Field Meter 1 mV mV 
Oxygen, Dissolved Field Meter 0.1 mg/L 
pH Field Meter ±0.1 SU 
Specific Conductivity Field Meter 5 µmho/cm 
Temperature Field Meter 0.1 oC 
Turbidity Field Meter ±0.1 NTU 

General Chemistry 
Alkalinity 2320B 1 mg/L 
Chloride 300.0 0.2 mg/L 
Hardness 2340B 0.347 mg/L 
Sulfate 300.0 0.3 mg/L 
TDS 2540C 10 mg/L 

Metals 
Antimony 200.8 0.003 mg/L 
Arsenic 200.8 0.003 mg/L 
Beryllium 200.7 0.002 mg/L 
Boron 200.7 0.04 mg/L 
Cadmium 200.8 0.0002 mg/L 
Calcium 200.7 0.04 mg/L 
Chromium 200.7 0.006 mg/L 
Magnesium 200.7 0.06 mg/L 
Manganese 200.7 0.004 mg/L 
Mercury 245.1 0.0002 mg/L 
Nickel 200.7 0.01 mg/L 
Potassium 200.7 0.5 mg/L 
Selenium 200.8 0.002 mg/L 
Sodium 200.7 0.5 mg/L 
Thallium 200.8 0.001 mg/L 
Vanadium 200.7 0.005 mg/L 
Uranium 200.8 0.001 mg/L 
Zinc 200.8 0.01 mg/L 

Nutrients and Fluoride 
Nitrite+Nitrate (as N) 353.2 0.02 mg/L 
Phosphorus, Total SM 4500-P-E 0.01 mg/L 
Fluoride 300.0 0.1 mg/L 

For monitoring intervals in affected groundwater in the Compliance Area the null and alternate 
hypotheses are set up to be consistent with corrective action monitoring (EPA 2009b). To 
demonstrate that the concentration of groundwater is in compliance are as follows: 

 H0: CW > applicable MCL or RBC 

 HA: CW ≤ applicable MCL or RBC 


where: 
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CW = the 95% UCL on the mean for any one monitoring interval 

When conditions result in a decision to reject the null hypothesis, prevention in the migration of 
COCs into the Off-Plant Area above the MCL or RBC is demonstrated. The decision rule for 
assessing the prevention of migration into the Off-Plant area is as follows 

If the 95% upper confidence limit (UCL) on the mean of the concentration in groundwater 
samples collected from all monitoring well intervals within the plume of affected groundwater 
(CW) is less than the MCL, then the groundwater remedy is effective in achieving the 
remedial action objectives. 

Data will be evaluated to determine the position of affected groundwater and assess trends. 
Interpreting the adequacy of preventing the migration of arsenic and other COCs into the Off-
Plant Area at concentrations above MCLs or RBCs will be assessed in the Compliance Area as 
follows: 

 Groundwater level data will be mapped for the Upper Zone in the Assessment and 
Compliance Areas as part of the mapping of the entire Site based on the comprehensive 
water level data set.  An assessment will be made regarding transport pathways in the 
area (Quarterly). 

 Concentrations of indicator analytes will be mapped to assess the extent of indicator 
analytes in groundwater and assess any migration out of the area of affected 
groundwater that will be mapped during monitoring well installation (Quarterly). 

 Statistical tests of trends in concentrations of indicator constituents will be performed in 
wells in the Compliance Area and for comparison to performance standards (Section 5) 
(Annually). 
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4.0 SURFACE WATER MONITORING PROGRAM 

4.1 Surface Water Monitoring Objectives 

As specified in the VCO/CA, the objective of the surface water monitoring program is to collect 
sufficient data of adequate quality to verify that remedial actions successfully limit Don Plant 
impacts to surface water in the Portneuf River per the concentration-based requirements set out 
in Section 2.1. The monitoring strategy will also provide a mechanism to identify when additional 
contingency actions are required, and shall measure progress toward achieving final surface 
water RBCs as measured at the locations approved by EPA pursuant to Section III.D.7.d of the 
CD SOW. 

4.2 Monitoring Locations and Analytical Parameters 

The VCO/CA sets out the required monitoring locations, as follows: 

 IDEQ (accompanied by a Simplot representative when possible) will collect samples at 
the point of compliance (Siphon Road) to determine the concentration of total 
phosphorus in the Portneuf River on a monthly basis.  The calculation basis for 
compliance shall be the annual median of monthly values. 

 Simplot or DEQ will perform monthly sampling at the following two locations: 

o	 Batiste Road; 

o	 A location approximately 300-400 meters north of Batiste Road at site T-2B (as 
defined in IDEQ, 2004). 
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Figure 4-1: Portneuf River sampling locations 
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Surface water samples will be analyzed for the parameters shown in Table 4-3. Please refer to 
the Portneuf River Quality Assurance Project Plan (Appendix A, Attachment B) for sampling 
procedures and protocols. 

Table 4-3: Analyte list for surface water samples 

Analyte Method 

Reporting 
Limit (RL) 

or 
Sensitivity 

Units 

Oxygen, Dissolved Field Meter 1 mV 

pH Field Meter ±0.1 SU 

Specific Conductivity Field Meter 5 µmho/cm 
Temperature Field Meter 0.1 oC 

Chloride 300.0 0.02 mg/L 

Sulfate 300.0 0.3 mg/L 

Total Dissolved Solids 2540C 10 mg/L 
Nitrate + Nitrite (as N) 353.2 0.02 mg/L 

Phosphorus, Total SM 4500-P-E 0.01 mg/L 

Dissolved Orthophosphatea EPA 365.2 0.004 mg/L 
aMeasured by IDEQ 

4.3 Surface Water Data Analysis 

The goals of the data analysis are to: 

 Compare the total phosphorus concentrations with the TMDL goal at Siphon Road. 

 Assess the performance of remedial actions in reducing the load of total phosphorus to 
the river from input of EMF groundwater. 

For the first goal, the monthly total phosphorus concentrations measured by IDEQ for the 
calendar year will be tabulated and the median of the results calculated for direct comparison to 
the concentration targets.  Figure 4-1 shows the total phosphorus concentrations measured at 
Siphon Road and the median concentration for the current and previous 11 concentration 
points. As shown, as of December 2008, the 12-month median concentration was 1.05 mg/L. 
This represents a 16% reduction from the IDEQ baseline of 1.25 mg/L  

GWRD_MonitoringPlan_2010.docx	 67 



   

 

 

 

 

 

 

 

Groundwater and Surface Water Monitoring Plan June 2010 

C
o

n
ce

n
tr

at
io

n
 (

m
g

/L
) 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

2001 2002 2003 2004 2005 2006 2007 2008
 

Concentration 12-month Moving Median (Conc) TMDL Baseline Condition 

Figure 4-2: Phosphorus concentration and 12-month moving median value.  

Analyses of river flow and concentration data indicates that loading of phosphorus is relatively 
constant. This is further supported if data from February and March 2007 are excluded – this 
period showed anomalously high phosphorus concentrations all along the river that appeared to 
be associated with sediment load, see Figure 4-2. 
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Figure 4-3: Changes in river flow, phosphorus concentration and estimated phosphorus load 
between Siphon Road and Batiste Road (2001-2008), excluding two anomolous 
datapoints. 

Figure 4-3 shows that, with the exception of March, estimated phosphorus loads inputs have 
been relatively constant with season, between 2,000 and 2,500 pounds per day.  Also change in 
flow between Batiste Road and Siphon Road is relative constant, at around 250 cfs, due to 
inflow of regional groundwater.  The total phosphorus concentration fluctuates as the total flow 
(primarily a function of upstream flow) varies during the year.  Therefore, estimated load will be 
the primary focus of evaluations of the effectiveness of remedial actions.  Data analysis will 
entail updating the evaluation shown in Section 4.1, along with additional data (such as POTW 
loads, and other information generated by the TMDL) to assess the effect of remedial actions on 
phosphorus levels in the river from EMF-affected groundwater. 
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5.0 DATA EVALUATION AND STATISTICAL METHODS 

This section describes the data quality review and data management steps that are performed 
prior to the use of the data as described in Sections 3 and 4.  Statistical methods that could be 
used to support decisions are described. 

5.1 Data Evaluation 

5.1.1 Data Quality Evaluation 

Laboratory data generated from analysis of groundwater samples will be reviewed in 
accordance with the procedures described in the QAPP.  The data review will include validation, 
per the validation procedures identified by the QAPP, and data verification/evaluation to confirm 
data usability.  Individual results will be identified as: (1) acceptable, (2) qualified as estimated, 
or (3) rejected.  Any qualifiers applied to groundwater data as a result of this evaluation will be 
entered into the project database before data are released for use in statistical analyses.  Data 
that are rejected through the validation process will not be included in the data analyses used to 
support decision making. 

Surface water samples will be collected and analyzed and flow data generated per procedures 
set out in the DEQ Quality Assurance Project Plan (QAPP) for the Portneuf River Monitoring 
Project (IDEQ, 2004). 

5.1.2 Data Management 

An electronic database will be used to maintain all groundwater monitoring data.  Before data 
are used for statistical analyses, a flag will be assigned to each usable record to identify 
quantified results, as follows: 

 AQL: detected above the quantitation limit (QL) 

 BQL: detected but below the QL 

 ND: not detected above the method detection limit 

These flags will be used to identify and count the results reported above and below the 
quantitation limit. 

Surface water monitoring data will be managed separately by IDEQ in accordance with the DEQ 
QAPP. 
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5.2 Statistical Methods 

Several different quantitative and statistical methods may be used to support decision making. 
The selection of any specific method will be based on the results of the data analyses described 
in Section 3 and the results of exploratory analyses that are presented in quarterly and annual 
monitoring reports. The statistical methods described below are consistent with the methods 
presented in EPA’s Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, 
Unified Guidance (EPA, 2009) and widely-accepted statistical practices for groundwater 
monitoring programs (e.g., EPA, 1992a; ASTM, 2004). 

5.2.1 Exploratory Analyses, Sample Size Evaluation and Handling of Non-Detects 

As described in Section 3, hypothesis testing will incorporate a combination of hydrogeological 
analyses and statistical tests.  The statistical tests are described in this section; however the 
appropriateness of each of the tests must first be demonstrated through exploratory analysis of 
the data to be used.  A comprehensive description of diagnostic methods and exploratory tools 
is presented in EPAs Unified Guidance (EPA 2009).  Typical tests will include normality testing 
and distribution fitting, variance testing, identifying outliers, and temporal variability.  The results 
of this testing may dictate whether or not a particular statistical method can be used or if use of 
a statistical method other than one of the methods listed in this section is warranted. 

As part of the exploratory analysis, an assessment of the adequacy of the sample size will be 
performed. The actual number of measurements needed at each monitoring location depends 
on the statistical method to be used, the data distribution type, the variability of measurements 
and the desired statistical power of the method to detect a difference from a baseline or 
standard. The approach used in this plan in general is to specify a low false positive (Type 1) 
error rate (α), generally 5%. While not pre-specified, the statistical power of the test will also be 
calculated as part of exploratory analyses.  Statistical power (1-β), is related to sample size and 
the coefficient of vairablilty.  With a fixed false positive error rate, more samples will be 
necessary to achieve a desired level of power as the coefficient of variation increases. 

A comprehensive discussion of managing non-detect data is presented in Section 15 of the 
Unfied Guidance (EPA 2009).  The specific method used for handling non-detect data will vary 
according to the statistical method being used.  As recommended by EPA (EPA 2009b), the 
Kaplan-Meier technique will be used when computing statistics on a mean. 

The results of exploratory analyses will be presented in quarterly and annual monitoring reports 
to support the analyses performed. 

5.2.2 Statistical Tests for Trend 

Statistical tests for trend may be performed to aid in demonstrating the effectiveness in the 
groundwater remedy in reducing concentrations of COCs in groundwater over time. There are a 
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number of statistical procedures that could be used to make the demonstration and the 
selection of the most appropriate method will depend on the nature of the data obtained (e.g. 
normality, non-detects, outliers etc.).   

The four statistical procedures that may be most appropriate are:  

(1) Linear Regression – a parametric estimate for linear trend. Requires normally distributed 
data. 

(2) The Mann-Kendall Test – a non-parametric test for linear trend. No data requirements 

(3) Theil-Sen Trend Line, - a non-parametric estimate of linear trend.  	Useful for estimating 
the magnitude of a trend in conjunction with the Mann-Kendall test. No data 
requirements. 

(4) Control Charts. – a graphical test of significant change over time in concentration at a 
well. Requires normally distributed data. 

In general, there is a preference to use the simple parametric linear regression method if data 
are normal and there not a large number of non-detects.  The non-parametric Mann-Kendall and 
Sen’s Tests would likely be used in the event that linear regression is unusable. Control charts 
may be more useful in identifying changes at the plume boundaries. Each of the procedures is 
described in the following paragraphs and reference materials are included in Appendix C.   

The acceptable false positive error rate is 5 percent.  In other words, it will not be concluded that 
COC concentrations are decreasing and additional evaluation is not required unless there is 95 
percent confidence that concentrations are decreasing in the Simplot OU.  This error has no 
effect on the protectiveness of the remedy when the performance standard for the groundwater 
extraction system is being met at the two POCs.  However, if such a decision error is made 
before the performance standard has been met; the consequence may be extension of the time 
needed to recognize a problem with the remedy operation or design.  

The false negative error is a failure to reject the null hypothesis when the hypothesis is in fact 
not true.  The consequence of such an error is unnecessary investigation of conditions within 
the Simplot Plant Area. The acceptable false negative error rate is therefore set at 0.10. 

Linear Regression 
The most common way to measure a linear trend is to compute a linear regression of 
concentration data when plotted against the time or date of sample collection. By way of 
interpretation, each point along a linear regression trend line is an estimate of the true mean 
concentration at that point in time. Thus, a linear regression can be used to assess whether or 
not the population mean at a monitoring well has significantly increased or decreased. Linear 
regression is a standard technique in statistics textbooks and many data analysis software 
packages and the steps involved are not detailed in this plan.  
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Mann-Kendall Trend Test 
The Mann-Kendall test is a non-parametric statistical procedure that is well suited for analyzing 
trends in data over time (Gilbert, 1987). The Mann-Kendall test can be viewed as a test for 
linear zero slope of the time-ordered concentration data versus time. The Mann-Kendall test 
does not require any assumptions as to the statistical distribution of the data (e.g. normal, 
lognormal, etc.) and can be used with data sets which include irregular sampling intervals and 
missing data. The Mann-Kendall test is designed for analyzing a single groundwater constituent 
in a single monitoring well; multiple constituents are analyzed separately. The Mann-Kendall 
statistic (S) measures trends in the data. Positive values indicate an increase in constituent 
concentrations over time, whereas negative values indicate a decrease. The strength of the 
trend is proportional to the magnitude of the Mann-Kendall Statistic, that is, large magnitudes 
indicate a strong trend. 

The Mann-Kendall test will be performed as described in the Unified Guidance Chapter 17 (EPA 
2009), a copy of which is included in Appendix C. 

Theil-Sen Trend Line 
The Theil-Sen trend line is a simple non-parametric estimator of trend.  Unlike the Mann-Kendall 
test, the Theil-Sen method provides an estimate of the magnitude of the slope of the trend line. 
A simple slope estimate is computed for every pair of distinct measurements and the median 
value determined. The Theil-Sen method does not require normally distributed trend residuals 
as in linear regression and is therefore used as a non-parametric alternative to linear 
regression. 

The Theil-Sen trend line will be constructed as described in the Unified Guidance Chapter 17 
(EPA 2009), a copy of which is included in Appendix C. 

Control Charts 
When groundwater monitoring is performed at a location downgradient site, a control chart 
procedure may be used to identify significant increases in concentrations over time at that 
location. One method used to test trends in groundwater is the Shewhart-CUSUM control chart 
procedure.  The Shewhart-CUSUM control chart procedure is a widely used intra-well 
comparison method (Gibbons, 1999).  The procedure establishes a baseline conditions in a 
chart using the mean and standard deviation for the most recent set of analytical data from a 
well. As additional data are collected the baseline is used to standardize the new data.  If up 
gradient conditions are resulting in changes in groundwater chemistry in the monitoring well, the 
standardized values will deviate significantly from the baseline. The Shewhart-CUSUM control 
chart is a parametric procedure and the baseline parameters should be normally distributed. 
Control charts require that sample data are statistically independent and that the baseline is 
stationary over time. If the data used to construct the baseline exhibit a clear seasonal trend, 
the data should be adjusted to remove this effect. 
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The Shewhart-CUSUM control chart will be constructed as described in the Unified Guidance 
Chapter 20 (EPA 2009), a copy of which is included in Appendix C. 

5.2.3 	 Statistical Method for Comparison to a Groundwater Protection Standard 
Concentrations at monitoring locations in the Compliance Area will be compared to the GWPS 
using a confidence interval around the mean.  A mean and confidence interval will be calculated 
for each monitoring location.  The decision criteria dictate that the 95% UCL value be less than 
GWPS at each monitoring location to demonstrate compliance. The calculations will be 
performed as described in Section 21.1 of the Unified Guidance (EPA 2009), included in 
Appendix C. 

Comparing the 95% UCL to the GWPS is consistent with RCRA corrective action monitoring.  In 
some situations it may be more appropriate to apply methods consistent with RCRA compliance 
monitoring, where the 95% LCL is compared to the GWPS. 

5.2.4 	Statistical Methods for an Up Gradient to Down Gradient Water Quality 
Comparison 

Concentrations of indicator groundwater constituents from a given set of upgradient and 
downgradient groundwater quality data will be compared using an appropriate two-sample or 
paired-sample comparison test, depending on the type of data distributions that will ultimately 
be compared. For example, a two-sample t-test is parametric test appropriate for comparison of 
two normally distributed data sets whereas the Wilcoxon rank sum test is non-parametric test 
appropriate for comparison of non-normally distributed data sets. These tests are described in 
the following paragraphs and are included in Appendix C. 

The testing will be performed at the 95 percent confidence level (α = 0.05).  When the test is run 
at the 95 percent confidence level there is a 5 percent chance that the test results in an 
incorrect decision to reject the null hypothesis when it in fact is true. 

Two-Sample T-Test 
A statistical comparison between two sets of data is known as a two-sample test. While several 
varieties of two-sample tests exist, the most common is the parametric t-test. This test 
compares two distinct statistical populations. The goal of the two-sample t-test is to determine 
whether there is any statistically significant difference between the mean of the first population 
when compared against the mean of the second population, based on the results observed in 
the two respective samples. The two-sample t-test will be performed as described in Section 
16.1 of the Unified Guidance (EPA 2009) 
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Wilcoxon Rank Sum Test 
When the underlying distribution of a data set is unknown and cannot be readily identified as 
normal or normalized via a transformation, a non-parametric alternative to the two-sample t-test 
is recommended. Probably the best and most practical substitute is the Wilcoxon rank-sum test 
(Lehmann,1975; also known as the two-sample Mann-Whitney U test), which can be used to 
compare a singlecompliance well or data group against background. Like many non-parametric 
methods, the Wilcoxon rank-sum test is based on the ranks of the sample measurements rather 
than the actual concentrations. Some statistical information contained in the original data is lost 
when switching to the Wilcoxon test, since it only uses the relative magnitudes of data values. 
The Wilcoxon rank sum test will be performed as described in Section 16.2 of the Unified 
Guidance (EPA 2009). 

5.2.5 Control of Site-Wide Error Rate 
When a large number of individual monitoring locations are included in a monitoring program, 
the overall, or site-wide, false positive error rate is actually much higher than the false positive 
error rate associated with each individual intra-well test.  The end result is a high probability that 
false positive errors will occur during any single monitoring event.  A useful illustration of the 
multiple comparison problem is as follows: 

“… a single confidence interval with 95% coverage probability level will likely contain the 
population parameter it is meant to contain (with probability 0.95). However, if one 
considers 100 confidence intervals simultaneously [within a given round of statistical 
testing], with coverage probability 0.95 each, it is highly likely that at least one interval 
will not contain its population parameter. The expected number of such non-covering 
intervals is 5, and if the intervals are independent, the probability that at least one 
interval does not contain the population parameter is 99.4%.” – Wikipedia, 2010. 

In the above example, the probability of 99.4% is determined by the binomial distribution. In the 
Compliance Area, there are 16 constituents that could possibly be compared to a GWPS at 
each monitoring location every quarter.  If all tests are conducted, the probability that at least 
one interval will not contain the population parameter is about 56%. If all tests are comparisons 
are performed in the 4 plume locations in the Compliance Area the probability increases to 96%. 

This type of multiple comparison problem can be managed by not subjecting well-constituent 
pairs that do not appear to be attaining the cleanup objective to formal statistical testing. 
Furthermore, the plan should state that per the Unified Guidance (EPA, 2009), the number of 
well-constituent pairs subject to formal statistical testing will be limited as recommended in 
(EPA, 2009a; e.g., Sections 6.2, 7.4; Chapters 8, 19, 20 and 22 ).  The Unified Guidance also 
recommends semi-quantitative approaches to evaluating well-constituent pairs that are not 
subject to formal testing (e.g., Chapter 6).   

In the case of Shewhart-CUSUM control charts at multiple individual monitoring locations 
Gibbons (1999) provides methods for controlling error rates while maintaining the desired power 
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for decision making.  As explained in detail by Gibbons (1999), a set of baseline samples 
provides the mean and standard deviation used to compute a standardized difference value for 
each subsequent measurement from the same location.  The standardized difference values are 
then compared to the control limits established to achieve the desired error rates and power for 
the multi-comparison statistical procedure applied at each chemical monitoring location. 
Gibbons (1999) evaluated the effects of multiple tests on the site-wide false positive error rate 
and developed methods to minimize false positive errors while maintaining the power of the 
Shewhart-CUSUM approach. Collection of a relatively large number of baseline samples at 
each location to serve as the basis for the control chart can provide the desired false-positive 
and false-negative error rates specified above and maintain power of 0.90 or higher to identify 
changes that are at least 3 standard deviations from the baseline mean concentration. 
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6.0 FIELD SAMPLING PLAN 

This section provides the Field Sampling Plan (FSP) documenting sampling and analysis 
procedures for implementation of the monitoring program described in Sections 3 and 4. 

6.1 Groundwater Monitoring Locations and Frequency 

The monitoring wells to be sampled, and the monitoring frequency and the data to be collected, 
are discussed in Section 3. 

6.1.1 Groundwater Monitoring Well Samples 

One groundwater monitoring well sample will be collected from each of the wells and the 
springs in accordance with the procedures specified in Section 6.1.4.  Each sample will then be 
submitted to the laboratory in accordance with the procedures specified in Section 6.3. 

6.1.2 Field and Laboratory Quality Control Samples 

Field and laboratory quality control (QC) samples will be prepared for each groundwater 
sampling event. The QC samples will be used to assess the reliability and validity of the field 
collection methods and laboratory analyses conducted for each sampling event. 

Field Quality Control Samples: 

Field QC samples are collected and analyzed to verify that sample collection and handling has 
not affected the quality of the groundwater samples.  All field QC samples should be prepared 
as regular investigation samples with regard to sample volume, containers, and preservation. 
The following field QC samples will be collected: 

Field duplicate sample - Duplicate groundwater samples are two samples collected from the 
same well at the same time and carried through all the steps of the sampling and analytical 
procedures in an identical manner.  The original sample and the field duplicate are uniquely 
numbered so that the laboratory cannot identify the duplicate.  Duplicate samples will be 
collected at a frequency of one per every 20 samples, with specific samples to be determined by 
the field team leader. 

Rinsate blank – Procedures for collection of rinsate blanks are provided in HSOP-13 (Appendix 
B). The blank is analyzed for the same analytical parameters as the groundwater samples. 
Rinsate blanks will be collected after decontamination and at a minimum frequency of one per 
every 20 samples. 
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De-ionized water blank – De-ionized water blanks are aliquots of water collected directly from 
the field supply container and analyzed to determine de-ionized water quality.  The blanks will 
be collected at a frequency of one per quarterly sampling event. 

Laboratory Quality Control Samples: 

Laboratory QC samples consist of laboratory method blanks, laboratory control samples, matrix 
spike, and laboratory duplicates or matrix spike duplicates.  Requirements for laboratory QC 
samples are specified in the Quality Assurance Project Plan (QAPP; Appendix A).  Laboratory 
QC samples will be collected at a frequency of one per sample delivery group or one per twenty 
samples collected. For each sample delivery group, a double-volume should be collected for 
one of the samples to allow the laboratory to prepare a matrix spike and either one matrix 
duplicate or matrix spike duplicate for each analytical method used. 

6.1.3 Sample Designation 

All samples collected will be labeled in a clear and precise way for proper identification in the 
field and for tracking in the laboratory.  The samples will have preassigned, identifiable, and 
unique numbers. At a minimum, the sample labels will contain the following information: 

 Facility name. 

 Sample number. 

 Date of collection. 

 Time of collection. 

 Analytical parameter. 

 Method of preservation. 

Every sample, including samples collected from a single location but going to separate 
laboratories (if required) will be assigned a unique sample number. 

6.1.4 Sampling Equipment and Procedures 

This section describes the procedures to be used to collect groundwater samples.  All samples 
will be collected in accordance with the procedures presented in this section and handled in 
accordance with the procedures presented in Sections 5.2 and 5.3. 

Field Logbooks: 
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Field logbooks will document where, when, how, and from whom any vital project information 
was obtained.  Logbook entries will be complete and accurate enough to permit reconstruction 
of field activities.  At a minimum, the following sampling information will be recorded: 

 Sample location, station location, and description. 

 Sample number. 

 Sampler’s name(s). 

 Date and time of sample collection. 

 Type of sample (e.g., regular, QA sample designation). 

 Type of sampling equipment used. 

 On-site measurement data (e.g. temperature, pH, conductivity, oxidation-reduction 
potential).  The data should include the numerical value and the units of each 
measurement.  

 Field observations and details important to analysis or integrity of samples (e.g., heavy 
rains, odors, colors). 

 Type of preservation used.  (Note: Reagent or high performance liquid chromatography 
(HPLC) grade materials will be used for sample preservation.)  

In addition, the following will be recorded in a separate field book: 

 Chain-of-custody form numbers and chain-of-custody seal numbers. 

 Shipping arrangements (i.e., Federal Express air bill number). 

 Recipient laboratory(ies). 

Further details of field notebook procedures are provided in HSOP-31 (Appendix B). 

Sample Coding in Field Logbooks: 

The station location will be described in the logbook as follows, in a manner consistent with the 
conventions used during the remedial investigation. 

A two-digit number will be used to indicate the year in which the sample was collected, for 
example “08” indicates a sample was collected in 2008.  This number will be followed by two 
other digits indicating the month in which the sample was collected, for example “11” indicates a 
sample was collected in November.  Finally, three digits will identify the well from which the 
sample was collected is detailed below.  The location description, 0811308, indicates a sample 
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collected from Well 308 in November 2008. The three-digit or descriptive letter combination 
used to identify the boring or well location from which a sample is collected.  Samples collected 
for field QC will be identified by a three-digit or descriptive letter combination.  

 Monitoring Well:	 100, 300 or 500 series numbers, depending on location. 

 Extraction Well:	 400 series number 

 Field Duplicate: 600 series starting with 600 for each sampling event and 
continuing consecutively during the event for duplicates 
collected. 

 Rinsate: 	 700 series numbers. 

 Distilled/de-ionized SDI.
 
water blank:
 

The date of collection will be indicated in mm/dd/yy format, and the time will be indicated in 
accordance with the military convention.  The analytical parameter and method of preservation 
will be indicated in unambiguous shorthand, such as As for arsenic. 

Logbooks will be rain-resistant bound with consecutively numbered pages.  Each page will be 
dated and the time of entry noted in military time.  All entries will be legible, written in black, 
waterproof ink, and signed by the individual making the entries.  The person recording the notes 
will sign and date the bottom of every page in the field notebook.  Changes will be initialed and 
dated. Unused portions of logbook pages will be crossed out, signed, and dated by the 
assigned individual at the end of each workday.  Language will be factual, objective, and free of 
personal opinions or inappropriate terminology.  In addition to the sampling information, the 
following specifics will also be recorded in the field logbook: 

 Team members. 

 Time of Site arrival/entry on Site and time of Site departure. 

 Other personnel on Site (related to the sampling event) 

 Any deviations from sampling plans, Site safety plans, and QAPP procedures. 

 Equipment calibration and equipment model and serial number. 

Sample Coding on Sample Containers: 

One objective of the field sampling program is to deliver “blind” sample containers to the 
laboratory for analysis.  That is, the laboratory will not be knowledgeable of the well from which 
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the groundwater sample was collected.  Nor should the laboratory be able to recognize whether 
a container holds a regular groundwater sample or a field QC sample on the basis of the coding 
system used to label the sample container. The samples will be coded as for the field log books 
described in the previous section.  Procedures for labeling and documentation of samples are 
described in HSOP-7 (Appendix B). 

6.2 Groundwater Monitoring Well Sampling 

6.2.1 Monitoring Well Water Level Measurements 

Static water levels will be measured in Site monitoring wells as specified in Section 3.  Water 
levels will be measured once in a single Site-wide event (i.e., including at the adjacent FMC 
facility, which conducts groundwater monitoring events at the same time).  For wells that have 
sealed caps, the top cap on the well will be removed and the water level allowed to equilibrate 
to atmospheric conditions.  This will be accomplished by leaving the well open for approximately 
five minutes prior to measuring the initial static water level.  For other wells, measurements will 
be taken immediately. 

Procedures for monitoring well water level measurements are provided in HFSOP-10 (Appendix 
B). The water levels will be measured using a decontaminated, electronic water-level probe or 
equivalent measuring device, accurate to the nearest (+/–) 0.01 feet, which has been subject to 
regular calibration to account for stretch of suspended tape, wire or cable.  When using an 
electronic sounder, the probe is lowered down the casing to the top of the water column.  The 
graduated markings on the probe wire are used to measure the depth to water from the 
surveyed point on the rim of the well casing.  Typically, the measuring device emits a constant 
tone when the probe is submerged in standing water, and most electronic water level sounders 
have a visual indicator consisting of a small light bulb or diode that illuminates when the probe 
encounters water. 

6.2.2 Well Inspection Procedures 

The integrity of each monitoring well will be checked prior to commencement of purging.  The 
top of the casing will be sufficiently elevated to prevent surface runoff infiltration into the well. 
The concrete pad and steel casing will be checked for damage and to make sure the cap is 
locked. Damage or irregularities will be noted in the sampling record. 
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6.2.3 Monitoring Well Purging and Sample Collection 

Groundwater samples will be collected from the monitoring wells specified in Section 3. 
Procedures for sample collection are described in HFSOP-11 (Appendix B).  Prior to sampling, 
the water level in the well will be measured and the condition of the well will be inspected as 
described in Section 5.2.1 and 5.2.2.  Procedures for monitor well purging and sampling are 
provided in Hydrometric’s SOP for low stress (low flow)/minimal drawdown groundwater sample 
collection (Appendix B).  During purging, water temperature, pH, specific conductance, and 
turbidity will be measured using field test meters (see Section 5.2.6).  The measurements will be 
recorded. Three consecutive measurements, which display consistent values of all parameters, 
will be taken prior to sampling. Once readings have stabilized, oxidation-reduction potential will 
also be measured. Depth-to-water measurements, field measurements of parameters, and 
purge details will be recorded in the field logbook. 

All field meters will be calibrated according to manufacturers’ guidelines and specifications prior 
to beginning field work.  Field meter probes will be decontaminated before and after use at each 
well. 

Clean latex or nitrile gloves will be worn while collecting samples.  Groundwater samples will be 
collected directly from the pump tubing into the appropriate sample container, preserved as 
described in Section 5.3, and chilled and processed for shipment to the laboratory.  When 
transferring samples, care will be taken not to touch the discharge tubing to the sample 
container. 

Groundwater samples with turbidity levels greater than 10 NTU (after stabilization of field 
parameters pH, specific conductance, and temperature) will be analyzed for both total and 
dissolved metals. Samples for dissolved metals analyses will be filtered in the field using a 
Geotech Masterflex peristaltic pump or equivalent.  Groundwater samples will be field-filtered 
using the procedures set out in HFSOP-73 (Appendix B). 

Section 5.3 gives procedures for sample packaging, labeling, and shipping.  All non-disposable 
groundwater sampling equipment will be decontaminated before and after each sample is 
collected. 

Details of sample collection and field conditions will be documented on field forms and in a field 
log book. 

6.2.4 Duplicate Groundwater Monitoring Well Sample Collection 

When collecting duplicate groundwater samples, bottles with two different sample designations 
will be alternated in the filling sequence.  Duplicate samples will be submitted blind to the 
analytical laboratory.  To assure this, the duplicate sample collected from the same monitoring 
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well will be collected in a separate sample bottle with two a unique sample designation that uses 
a 600 series location identification (Section 5.1.4). 

6.2.5 	 Laboratory QA/QC Sample Collection 

When collecting laboratory QA/QC samples, a single sample designation will be assigned to a 
double-volume sample. 

6.2.6 	Conductivity, Temperature, Dissolved Oxygen, Turbidity, pH & Oxidation-
Reduction Potential Measurements 

Electrical conductivity, water temperature, dissolved oxygen, turbidity, pH, and oxidation-
reduction potential measurements will be made in the field during purging, prior to water sample 
collection.  Appendix B provides operating procedures for field measurements, in particular 
HFSOP-20 (pH measurement), HFSOP-23 (Redox Potential [ORP] Measurement), HFSOP-49 
(Use of a Flow Cell for Collecting Field Parameters), HFSOP-53 (Turbidity Measurement), 
HFSOP-79 (Specific Conductance Measurement), HFSOP-22 (Field Measurement of Dissolved 
Oxygen) and HFSOP-84 (Temperature Measurement). 

6.2.7 	Decontamination Procedures 

Decontamination of sampling equipment will be consistently conducted in a manner to ensure 
the quality of samples collected.  Decontamination of all non-disposable field measurement, 
purging, and sampling equipment will be performed for each sampling event before any purging 
and sampling activities begin, after sampling at each location, and at the end of the sampling 
event. Procedures for equipment decontamination are provided in HSOP-7 (Appendix B). 

6.3 	 Field Sampling Plan for Surface Water 

As discussed above, IDEQ is conducting monthly sampling in the river.  To provide the most 
consistent data, IDEQ will perform the sampling and analysis described above with the work 
funded under the VCO/CA.  Water samples will be collected and analyzed and flow data 
generated per procedures set out in the DEQ Quality Assurance Project Plan (QAPP) for the 
Portneuf River Monitoring Project (IDEQ, 2009). 

6.4 	 Sample Handling and Shipping 

Sampling handling procedures are detailed in the QAPP (Appendix A). 
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6.4.1 Field Custody Procedures 

Procedures for sample custody and shipment are described in the QAPP. 

6.4.2 Sample Analysis 

The indicator analyte and expanded analyte lists are presented in Tables 3-2 and 3-6, 
respectively. The specified methods provide data of appropriate quality for comparison to the 
performance standard and have been approved by EPA (EPA, 1994a) for monitoring under the 
National Primary Drinking Water Regulations (40 CFR 141).The laboratory will follow 
established EPA method protocols (EPA, 1983), as appropriate to the project’s data quality 
objectives. In addition, the laboratory will perform the quality controls required by the QAPP 
(Appendix A). 

6.5 Monitoring Schedule 

Groundwater sampling was conducted quarterly during the RI period.  After the RI period, 
Simplot continued to perform groundwater monitoring and completed 16 sampling events prior 
to the initiation of routine quarterly monitoring in June 2004.  Weekly monitoring has been 
performed in selected wells in the PAP Area since May 2007 to assist in understanding the 
nature of elevated concentrations of total phosphorus in groundwater downgradient of the plant. 
Future monitoring will generally continue on a quarterly schedule unless more frequent 
monitoring is required for assessment purposes as a result of decision criteria. 
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7.0 REPORTING 

Analysis and reporting of data is integral to the design/implementation approach being 
implemented for the extraction system.  Reporting will be as follows: 

Quarterly Reporting. 

Data from each quarterly monitoring event will be reported within three months of completion. 
Reports will include:  

 Lab sheets; 

 Data review sheets; 

 Post plot concentration maps for arsenic, sulfate, and phosphorus; 

 Potentiometric surface maps;  

 Extraction well performance assessment showing average pumping rates, 
concentrations of indicator analytes, and calculated mass removal rates. 

 Field report prepared by the sampling company; and  

 An updated Access groundwater database.  

Annual Reporting 

Annual reports will be prepared to provide additional information and data analysis. The reports 
will also include: 

 Narrative summary of sampling and analysis activities; 

 Narrative summary of analytical data quality; 

 Tabulated analytical and measurement results, by location; 

 Maps illustrating the potentiometric surface of Upper and Lower Zones; 

 Maps illustrating distributions of indicator constituents; 

 Demonstration of extraction well capture by the 6-step capture analysis methodology; 

 Results and discussion of statistical tests and calculations performed to evaluate 
achievement of performance standards; 
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 Time-series plots of indicator parameters, by location, as appropriate, 

 Results of trend tests performed on time-series data, (including evaluation of other 
sources) as appropriate; and  

 Narrative discussion of results and conclusions. 

Annual reports have been prepared for 2005, 2006 and 2007 and cover the periods over which 
the phase1 and phase 2 extraction systems were installed. The final extraction and monitoring 
systems are expected to be in place and operational by the end of 2009. 

5-Year Report. 

Consistent with the requirements of the SOW, a report will be prepared after five years to 
evaluate the performance of the system, the monitoring locations and frequency.  If monitoring 
data show that compliance with the performance standard at the POCs has not been met five 
years after start-up of the final extraction system, Simplot will prepare a Corrective Action Plan 
which will identify:  

 Suspected causes of exceedances; 

 Planned additional investigation of other sources (if necessary); 

 Planned additional investigation to further characterize background conditions (if 
necessary); 

 Modifications to the extraction system (if stack affected groundwater is identified as the 
continuing principal source); and 

 Mitigation measures if another source is identified in the Simplot Plant Area.   

The report will cover the monitoring data from 2010 through 2015 and will be submitted in 
October 2016. 

After the initial five-year review, the monitoring program will be implemented and reviewed on a 
continuing five-year cycle.  Annual monitoring reports will be prepared and provided to EPA 
during each of the first four years and a comprehensive Five-Year Monitoring Review Report will 
be provided at the end of the fifth year.  The schedule will allow the extraction system and 
monitoring programs to be adjusted and optimized based on previous performance with 
adequate time for the adjustments to take effect before re-evaluation.  The five-year monitoring 
cycle will continue as long as the stack receives gypsum and until EPA authorizes termination of 
extraction. 
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Appendix A 


Quality Assurance Project Plans 


1. QAPP Groundwater and Surface Water Monitoring Program, Simplot OU 
2. QAPP Portneuf Basin Monitoring Project 
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1.0 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) has been prepared to detail quality assurance 
issues pertaining to groundwater and surface water monitoring activities in support of the 
implementation of remedial actions at the Simplot Don Plant, near Pocatello, Idaho (the Site) 
under a Voluntary Consent Order/Compliance Agreement (VCO/CA, IDEQ 2009) with the 
Idaho Department of Environmental Quality. Groundwater sampling will be implemented by 
Simplot. Surface water sampling will be implemented by IDEQ in accordance with 
procedures set out in Quality Assurance Project Plan for the Portneuf River Monitoring 
Project (Three Rivers, 2004), which is provided in Attachment B. 

The QAPP is a planning document that provides a “blueprint” for obtaining the type and 
quantity of data needed to support decisions on the remedial action.  The QAPP integrates 
all technical and quality aspects of the project and documents all quality assurance (QA), 
quality control (QC) and technical activities and procedures associated with planning, 
implementing and assessing the environmental data collection operations. 

This QAPP has been prepared in accordance with the U.S. EPA QAPP guidance 
documents: 

 “EPA Requirements for Quality Assurance Project Plans” (EPA QA/R-5, March 
2001), and 

 “EPA Guidance for Quality Assurance Project Plans” (EPA QA/G-5, December 
2002). 

In accordance with these documents, there are four basic groups of elements that must be 
included in a QAPP.  These four groups and associated elements are: 

 Group A – Project Management.  The elements in this group include all aspects of 
project management, project objectives and project history. 

 Group B – Data Generation and Acquisition.  The elements in this group include 
descriptions of the design and implementation of all measurement systems that will 
be used during the project. 

 Group C – Assessment/Oversight.  The elements in this group encompass the 
procedures used to ensure proper implementation of the QAPP. 

 Group D – Data Validation and Usability.  The elements in this group cover the QA 
activities that occur after the data collection phase of the project is completed. 

QAPP_Draft_2009-11.doc	  1 
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2.0 PROJECT ORGANIZATION 

The responsibilities of management, QA personnel, field personnel, and laboratory staff are 
provided in the following subsections.  Additionally, any special training/certification 
requirements for the project are identified.  An organization chart that identifies the lines of 
communication among the participants in the remediation activities is presented as Figure 2
1. 

2.1 Management Responsibilities 

Margaretha English – Project manager, Idaho Department of Environmental Quality 

The IDEQ Project Manager is responsible for oversight of the VCO/CA project. 

 IDEQ representative for the remedial action 

 Approval of project documents 

Kira Lynch – Remedial Project Manager, U.S. EPA Region 10 

The U.S. EPA 10 Remedial Project Manager is responsible for oversight of the CERCLA 
project, which is ongoing and addresses many of the same issues covered by the VCO/CA. 

Monty Johnson – Project Manager, J. R. Simplot 

The Simplot Project Manager has the primary responsibility for ensuring that the project 
objectives are achieved following the schedules and procedures outlined in the monitoring 
plan. 

 Oversight of consultant activities 

 Monitor adherence to project schedules 

 Approval of the QAPP 

 Approval of reports submitted by consultant 

QAPP_Draft_2009-11.doc  2 
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Buz Cotton – Contractor Project Manager, Formation Environmental 

The Contractor Project Manager (PM) is ultimately responsible for ensuring that the project 
objectives are achieved for activities performed by Simplot.  The PM organized a project 
team consisting of technical and quality assurance (QA) personnel, analytical laboratories 
and other subcontractors as necessary.  The PM’s specific responsibilities include: 

 Technical representation for Simplot 

 Coordination of technical team 

 Ensures implementation of the Groundwater and Surface Monitoring Plan 

 Monitors field schedules and procedures 

 Approval and distribution of the QAPP 

 Overview of laboratory activities 

 Advise on corrective actions 

 Preparation and review of reports 

 Final evidence file custodian 

Walter Crane – Manager Technical Services, Hydrometrics 

Hydrometrics, Inc. will perform the field data collection activities for groundwater.  The 
responsibilities of the Manager of Technical Services include: 

 Management of field activities and field QA/QC 

 Field data assessment 

 Internal field technical system audits 

 Technical representation of field activities 

 Preparation of standard operating procedures (SOPs) for field activities 

 Implement and document field corrective actions, if necessary 

 Approval of QAPP 
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Chris Meyer – Project Manager, SVL Analytical, Inc. 

The analytical laboratory’s Project Manager is responsible for ensuring that the project 
objectives are achieved by the laboratory.  The laboratory selected for this project is SVL 
Analytical, Inc. (hereafter referred to as SVL) located at One Government Gulch, P.O. Box 
929, Kellogg, Idaho, 83837.  The SVL Project Manager’s specific responsibilities include: 

 Ensures all laboratory resources are available on an as-required basis 

 Review of final analytical reports 

 Laboratory technical and procedural liaison 

2.2 Quality Assurance Responsibilities 

The quality assurance responsibilities for the project are distributed among the IDEQ, 
Formation Environmental, Hydrometrics, and SVL team members.  In addition to the project 
managers mentioned above, quality assurance responsibilities are assumed by the following 
individuals: 

Kim Raby – Contractor Environmental Quality Assurance Manager; Formation 
Environmental 

 Review field SOPs 

 Ensure implementation of prescribed field and analytical procedures 

 Coordinate and review data validation 

 Advise on corrective action procedures 

 Review of QA reports 

 Approval of the QAPP 

 Retain final approved copy of the QAPP 

Laura Clayton - Project Chemist, Formation Environmental 

 Review of the QAPP 

 Review laboratory QA/QC documentation and analytical reports 

 Prepare laboratory data validation and assessment reports 

QAPP_Draft_2009-11.doc  4 
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Michael Desmarais - QA Coordinator – SVL Analytical, Inc. 

 Coordination and oversight of internal laboratory systems audits 

 Overview of QA/QC documentation 

 Conduct detailed data review 

 Implement and document laboratory corrective actions, if required 

 Technical representative for laboratory QA procedures 

 Oversee preparation of laboratory SOPs 

 Approval of the QAPP 

IDEQ Field Services Chemists are responsible for review of the QAPP. 

2.3 Field Responsibilities 

Hydrometrics will conduct groundwater sampling and collect field measurements for the 
remedial action under the oversight of the Contract Project Manger.  IDEQ will perform 
surface water sampling.   

Walter Crane - Field Supervisor, Hydrometrics 

 Adherence to the Field Sampling Plan, SOPs and QAPP 

 Collect and document field data 

 Documentation of non-conformances 

 Implementation and documentation of corrective actions 

Specific field oversight by the IDEQ is not prescribed for the project; however, the IDEQ may 
choose to inspect site facilities and/or observe field activities related to the remedial 
action/monitoring at any time. 

QAPP_Draft_2009-11.doc  5 
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2.4 Laboratory Responsibilities 

SVL Analytical, Inc. located in Kellogg, Idaho will perform the general chemical and metals 
analyses of groundwater samples collected during the monitoring program.  The specific 
responsibilities of the chemical laboratory personnel involved in the project are as follows, 
but the daily operations may be conducted by other staff members: 

John Kern – Laboratory Director, SVL Analytical, Inc. 

 Coordinate laboratory analyses 

 Supervise in-house chain-of-custody 

 Schedule sample analyses 

 Oversee data review 

 Oversee preparation of analytical reports 

Crystal Sevy - Sample Control Manager – SVL Analytical, Inc. 

 Receive and inspect the incoming sample containers 

 Record the condition of the incoming sample containers 

 Sign appropriate documents 

 Verify correctness of chain-of-custody documentation 

 Notify project manager of any non-conformances identified during sample receipt 
and inspection 

 Assign a unique identification number to each sample, and enter the client 
identification number and sample identification numbers into the sample receiving log 

 Initiate transfer of the samples to appropriate laboratory sections 

 Control and monitor access/storage of samples and extracts 
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2.5 Special Training/Certification Requirements 

All Simplot field sampling team members are required to have received the 40-hour 
Hazardous Waste Operations and Emergency Response (HAZWOPER) safety training and 
annual 8-hour refresher courses required by 29 CFR Parts 1910 and 1926.  The 
subcontractor is responsible for compliance of their personnel with the applicable 
regulations.  Subcontractors are required to maintain personnel files documenting all 
applicable training and certifications. 

The laboratory performing sample analysis for the remedial action program must provide 
adequate documentation of an active QA program that includes written procedures designed 
to address the QA/QC elements detailed in  EPA QA/R-2 (“EPA Requirements for Quality 
Management Plans”, March 2002) and standard operating procedures for each program 
analyte. The SVL, Inc. QA manual is included as Attachment A to this QAPP.  SOPs are 
included in Appendix B to the Technical Report No. 1. 

2.6 Project Organization 

Figure 2-1 presents the organizational chart for the project. 

QAPP_Draft_2009-11.doc  7 
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3.0 PROBLEM DEFINITION/BACKGROUND INFORMATION 

The purposes for the remedial action and monitoring program and project background 
information for the Site are presented in the following sections. 

3.1 Problem Definition 

The Simplot Don Plant processes phosphate ore into a variety of fertilizers.  The primary 
byproduct of the process is gypsum which is stacked on site in an area south of the main facility 
area. Under the CERCLA project, three well groups were installed for extraction of the 
groundwater in the vicinity of the gypsum stack area.  The monitoring plan was designed to 
evaluate the groundwater extraction system’s performance during the start-up and initial 
operation period as well as support the final extraction system design.  Under the VCO/CA 
Simplot will install a geosynthetic liner on the surface of the operating gypsum stack and 
implement additional source controls and groundwater extraction in the phosphoric acid plant 
area. These actions are described in the Remedial Action Plan (Simplot, 2009) submitted 
concomitantly with the Technical Report No. 1 to which this QAPP is appended.   

Groundwater monitoring is required under the CERCLA Consent Decree Statement of Work 
(SOW) as a means of evaluating the performance of the remedial actions for groundwater.  This 
monitoring program includes all elements of the CERCLA groundwater monitoring program, as 
proposed in draft final Groundwater Extraction and Monitoring Systems Remedial Design 
Report and Remedial Action Work Plan, submitted to EPA and IDEQ in November 2008 
(NewFields, 2008) and expands the program to include additional wells recently installed in the 
Phosphoric Acid Plant Area.  It also includes surface water monitoring in the Portneuf River as 
required by the VCO/CA (to be implemented by IDEQ).  Details of objectives and performance 
standards for the groundwater/surface water remedy and associated monitoring are provided in 
Section 2 of the Technical Report No. 1, to which this QAPP is attached. 

3.2 Background Information 

3.2.1 Site Description and History 

The Simplot Don Plant produces phosphoric acid and a variety of liquid and solid fertilizers and 
is located near the City of Pocatello, Idaho (Figure 1-1).  The main portion of the Don Plant 
occupies approximately 185 acres and lies 500 feet southwest of the Portneuf River.  The plant 
produces phosphoric acid and a variety of liquid and solid fertilizers.  The principal raw 
materials for the process are phosphate ore, which is transported to the facility via a slurry 
pipeline from the Smoky Canyon mine and sulfur, which is used to make sulfuric acid.  The 
primary byproduct from the Don Plant process is gypsum (calcium sulfate) which is disposed 
on-site on a 400-acre gypsum stack.  A significant portion of the remaining acreage to the south 
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and southeast of the plant consists of cliffs and rugged steep terrain.  A Union Pacific Railroad 
right-of-way is adjacent to the northern fence line of the Don Plant and passes through the 
northern portion of the Simplot Plant Area, paralleling U.S. Highway 30.  Access to the Don 
Plant is provided by Interstate 86 and U.S. Highway 30. 

The Eastern Michaud Flats (EMF) Superfund Site includes the Simplot Don Plant and the 
adjacent FMC Elemental Phosphorus Facility (which ceased operations in December 2001).  To 
support selection of remedial actions, the EPA divided the Site into three areas:  the FMC 
Operable Unit (OU) including the FMC facility and adjacent land owned by FMC; the Simplot 
Plant OU including the Don Plant and adjacent land owned by Simplot; and the Off-Plant OU 
surrounding the FMC- and Simplot-OUs.   

Further details of the Site and project history are provided in Section 1 of the Technical Report 
No. 1, to which this QAPP is appended. 

3.2.2 Previous Investigations 

Numerous investigations have been performed to characterize hydrogeologic and geological 
conditions at the Site, beginning with the Remedial Investigation in the early 1990s.  Details of 
these investigations are provided in Sections 3, 4 and 5 of the Technical Report No. 1.. 

3.2.3 Current Status 

Groundwater monitoring is a component of the comprehensive CERCLA Site remedy described 
in the Record of Decision (ROD; USEPA, 1998) and subsequent Consent Decree for the 
Simplot OU (USEPA, 2003) and of the VCO/CA (IDEQ 2008). Surface water monitoring is a 
component of the VCO/CA. The monitoring program was developed as the mechanism for 
obtaining the water quality data required to assess the effectiveness of the CERCLA and 
VCO/CA remedial actions. 

3.3 Project/Task Description 

Descriptions of the data collection, data verification and data validation procedures are provided 
in the following subsections.  Sampling methods are described in greater detail in the Field 
Sampling Plan (Sections 3.6 [groundwater] and 4.2.2 [surface water] of the Technical Report 
No. 1, to which this QAPP is attached). 

During the CERCLA groundwater extraction activities and the joint CERCLA-VCO/CA PAP 
investigation, monitoring wells were installed to acquire chemical and physical hydrogeologic 
data. The monitoring wells were installed in groups in the vicinity of the gypsum stack and the 
phosphoric acid plant area and downgradient in order to assess the nature and extent of 
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potential groundwater contamination and to determine groundwater elevations.  The monitoring 
well locations are detailed in Section 3 of the Technical Report No. 1. 

Groundwater samples will be collected from each of the monitoring wells as detailed in the 
Technical Report No. 1.  Water levels will be measured and the wells will be purged until 
periodic measurements of the temperature, pH, and specific conductance reach stable levels as 
described in the SOPs included in Appendix B to the Technical Report No. 1.  Once stabilized, 
the groundwater samples will be collected from the wells and analyzed in the field for dissolved 
oxygen (DO), pH, specific conductance, oxidation reduction potential (ORP), turbidity and 
temperature. Samples will be submitted to SVL for laboratory analysis.  The scope of the 
analytical program may include ammonia, arsenic, calcium, chloride, hardness, magnesium, 
total phosphorus, potassium, sodium, sulfate, total alkalinity and total dissolved solids (TDS). 
The proposed quantitation limits for the field and laboratory analytes are outlined in Table 3-1. 

Surface water samples will be collected from two locations in the Portneuf River as detailed in 
the Technical Report No. 1.  Samples will be collected and analyzed by IDEQ per the 
procedures described in Attachment B.  

Field data will be verified by reviewing field documentation and chain-of-custody records.  Data 
from direct-reading instruments used to measure pH, conductivity, ORP, DO and turbidity will be 
verified by the Field Supervisor by reviewing calibration and operating records.  The laboratory 
will internally verify the general chemistry and metals data by reviewing sample preparation, 
sample analysis (including internal QC checks), data reduction and reporting documentation. 
The laboratory data will be reviewed and evaluated using the Precision, Accuracy, 
Representativeness, Completeness, and Comparability (PARCCS) data from field QC samples 
and internal laboratory QC checks relative to the requirements in this QAPP. 
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Table 3-1: Methods and Proposed Quantitation Limits 

Analyte Method 

Laboratory 
Method 

Detection 
Limit (MDL) 

Laboratory 
Reporting 
Limit (RL) 

Units 

Field Parameters 
Oxidation Reduction Potential Field Meter NA 1 mV 

 Oxygen, Dissolved Field Meter NA 0.1 mg/L 
pH Field Meter NA ±0.1 SU 

 Specific Conductivity Field Meter NA 5 µmho/cm
 Temperature Field Meter NA 0.1 oC 
 Turbidity Field Meter NA ±0.1 NTU 
General Chemistry
 Alkalinity 2320B 1 1 mg/L 
 Chloride 300.0 0.2 mg/L 
 Hardness 2340B 0.347 mg/L 

Sulfate 300.0 0.3 mg/L 
TDS 2540C 10 mg/L 

Metals 
Antimony 200.8 0.0001 0.003 mg/L 

 Arsenic 200.8 0.0006 0.003 mg/L 
Beryllium 200.7 0.00048 0.002 mg/L 
Boron 200.7 0.0088 0.04 mg/L 

 Cadmium 200.8 0.000034 0.0002 mg/L 
 Calcium 200.7 0.004 0.04 mg/L 

Chromium 200.7 0.0012 0.006 mg/L 
 Magnesium 200.7 0.012 0.06 mg/L 
 Manganese 200.7 0.0075 0.004 mg/L 

Mercury 245.1 0.000064 0.0002 mg/L 
Nickel 200.7 0.0018 0.01 mg/L 

 Potassium 200.7 0.026 0.5 mg/L 
Selenium 200.8 0.0002 0.002 mg/L 
Sodium 200.7 0.009 0.5 mg/L 
Thallium 200.8 0.000018 0.001 mg/L 

 Vanadium 200.7 0.00093 0.005 mg/L 
 Uranium 200.8 0.0000089 0.001 mg/L 

Zinc 200.8 0.01 mg/L 
Nutrients and Fluoride
 Nitrite+Nitrate (as N) 353.2 0.009 0.02 mg/L 

 Phosphorus, Total 
SM 4500-P-E 0.008 0.01 mg/L 
365.2 0.008 0.01 mg/L 

Fluoride 300.0 0.025 0.1 mg/L 

Note: The laboratory MDLs and RLs are established annually and are subject to change.  Results will not be 
reported below the RL unless requested.  Any concentrations greater than the MDL and less than the RL will be 
qualified by the laboratory as estimated. 

3.4 Project Schedule 

Quarterly groundwater and monthly surface water monitoring are already being implemented..   
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4.0 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA 

The data quality objectives and measurement performance criteria for the monitoring of 
remediation activities are discussed in the following subsections. 

4.1 Data Quality Objectives 

Data quality objectives (DQOs) are qualitative and quantitative statements derived from the 
outputs of each step of the DQO process. The DQO process is a series of planning steps 
based on the scientific method that is designed to ensure that the type, quantity and quality of 
environmental data used in decision-making are appropriate for the intended application.  

4.2 Measurement Performance Criteria 

The measurement performance criteria for precision, accuracy, representativeness, 
completeness and comparability are discussed in the following paragraphs. 

4.2.1 Precision 

Precision is a measure of the degree to which two or more measurements of the same 
characteristic (i.e., analyte, parameter) under the same or similar conditions are in agreement. 

4.2.1.1 Field Precision Criteria 

Precision of the field sample collection procedures will be assessed by the analysis of field 
duplicate samples.  Relative percent differences (RPDs) will be calculated for detected analytes 
from investigative and field duplicate samples.  Field duplicate samples will be collected at a 
minimum frequency of 1 per 20 per media type.  RPDs of 35 percent will be used as advisory 
limits for analytes detected in both the investigative and field duplicate samples at 
concentrations greater than or equal to 5 times its quantitation limit.  A difference less than the 
quantitation limit will be used as the control limit if one or both samples are less than 5 times the 
quantitation limit. Professional judgment will be used to qualify associated investigative sample 
data. 

Stability criteria (precision) for measurements obtained during groundwater and surface water 
monitoring will be assessed on five measurements of the same sample at each location. The 
stability criteria for field measurements obtained during field activities are presented in the SOPs 
in Appendix B to the Technical Report No. 1. 

4.2.1.2 Laboratory Precision Criteria 

Laboratory precision will be assessed through the calculation of RPDs for replicate/duplicate 
sample analyses. For inorganic parameters, laboratory precision is usually assessed by 

QAPP_Draft_2009-11.doc 13 



  

 

 
   

 

 
 

 

 
 

   
  
  

  

   
   
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
   

   
    

  
       

 

 

 
 

Simplot EMF 
Groundwater and Surface Water Monitoring QAPP November 2009 

comparing matrix spike/matrix spike duplicate (MS/MSD) or sample/sample duplicate (DUP) 
results. The equation to be used to determine precision is presented in Section 7.3.1 of this 
QAPP. Precision control limits for the analyses are presented in Table 4-1.   

Table 4-1: Laboratory Precision and Accuracy Criteria 

Analyte 

Laboratory Control 
Sample/Laboratory 
Control Duplicate 

% 

Matrix Spike/Matrix 
Spike Duplicate 

% 

General Chemistry
 Alkalinity 80 – 120 (20) NA 
 Chloride 80 – 120 (20) 75 – 125 (30)
 Hardness 80 – 120 (20) 75 – 125 (30)
 Sulfate 80 – 120 (20) 75 – 125 (30)
 TDS 80 – 120 (20) NA 
Metals 

Antimony 80 – 120 (20) 70 – 130 (30) 
Arsenic 80 – 120 (20) 70 – 130 (30) 
Beryllium 80 – 120 (20) 70 – 130 (30) 
Boron 80 – 120 (20) 70 – 130 (30) 
Cadmium 80 – 120 (20) 70 – 130 (30) 
Calcium 80 – 120 (20) 70 – 130 (30) 
Chromium 80 – 120 (20) 70 – 130 (30) 
Magnesium 80 – 120 (20) 70 – 130 (30) 
Manganese 80 – 120 (20) 70 – 130 (30) 
Mercury 80 – 120 (20) 70 – 130 (30) 
Nickel 80 – 120 (20) 70 – 130 (30) 
Potassium 80 – 120 (20) 70 – 130 (30) 
Selenium 80 – 120 (20) 70 – 130 (30) 
Sodium 80 – 120 (20) 70 – 130 (30) 
Thallium 80 – 120 (20) 70 – 130 (30) 
Vanadium 80 – 120 (20) 70 – 130 (30) 
Uranium 80 – 120 (20) 70 – 130 (30) 
Zinc 80 – 120 (20) 70 – 130 (30) 

Nutrients and Fluoride
 Nitrite+Nitrate (as N) 80 – 120 (20) 75 – 125 (30)
 Phosphorus, Total 80 – 120 (20) 75 – 125 (30)

 Fluoride 80 – 120 (20) 75 – 125 (30) 

Note: Values in parentheses are the maximum RPD values allowed for duplicate analyses, for 
concentrations ≥ 5 times the reporting limit in un-spiked samples 

4.2.2 Accuracy 

Accuracy is the extent of agreement between an observed value (i.e., sample result) and the 
accepted or true value for the parameter being measured. 
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4.2.2.1 Field Accuracy Criteria 

The criteria for accuracy of the field sample collection procedures will be to ensure that samples 
are not affected by sources external to the sample, such as sample contamination by ambient 
conditions or inadequate equipment decontamination procedures.  Field sampling accuracy will 
be assessed by collecting field blanks and equipment rinsate blanks. 

One field blank will be collected per source of the rinse water used for decontamination of field 
sampling equipment to monitor for potential contamination introduced during the sampling 
process. One equipment blank sample will be collected per twenty field samples by routing 
laboratory-provided deionized water through decontaminated sampling equipment.  Equipment 
blank samples will be analyzed to check procedural contamination and/or ambient conditions 
and/or sample container contamination at the Site that may cause sample contamination. 
Equipment blank samples will not be collected for field samples collected using dedicated, pre-
cleaned or disposable sampling equipment. 

Field and equipment blank samples should not contain concentrations of the target analytes 
greater than the laboratory reporting limit.  The field and equipment blank sample data will be 
evaluated using the procedures specified in Sections 7.1 and 7.2 of this QAPP.  Accuracy also 
will be ensured by adhering to all sample handling procedures, sample preservation 
requirements and holding time periods. 

Accuracy of field measurements will be assessed by analyzing calibration check samples. 
Accuracy acceptance criteria for field measurements obtained during the field activities are 
presented in the SOPs in Appendix B to the Technical Report No. 1.  

4.2.2.2 Laboratory Accuracy Criteria 

Laboratory accuracy will be assessed by determining percent recoveries from the analysis of 
laboratory control samples (LCSs) or standard reference materials (SRMs).  Accuracy relative to 
the sample matrix will be assessed by determining percent recoveries from the analysis of 
spiked samples.  Spiked samples will be analyzed at a minimum frequency of 1 per 20 or fewer 
samples. The equation to be used to determine accuracy for this project is presented in 7.3.2 of 
this QAPP. Accuracy control limits are presented in Table 4-1.  

4.2.3 Representativeness 

Representativeness is a qualitative term that describes the extent to which a sampling design 
adequately reflects the environmental condition of a site.  Representativeness also reflects the 
ability of the sample team to collect samples and laboratory personnel to analyze those samples 
in such a manner that the data generated accurately and precisely reflect the conditions at a 
site. 
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4.2.3.1 Field Representativeness Criteria 

Representativeness is dependent upon the proper design of the sampling program.  The 
representativeness criteria for field sampling will be to ensure that the correct monitoring well 
locations and surface water locations are sampled and that the prescribed sampling procedures 
are followed. The sampling program was designed to provide data representative of Site 
conditions. During development of the program, consideration was given to historical practices 
at the Site, existing analytical data, physical setting and processes, etc.  The rationale for the 
sampling program design is provided in Sections 3 (groundwater) and 4 (surface water) of the 
Technical Report No. 1. 

4.2.3.2 Laboratory Representativeness Criteria 

The representativeness criteria for laboratory data will be to ensure that the proper analytical 
procedures are used for sample preparation (i.e., homogenizing the sample prior to sub-
sampling), sample analysis, and that sample holding times are met.  Additionally, the accuracy 
and precision of the laboratory data affect representativeness. The laboratory 
representativeness criteria will include achieving the accuracy and precision criteria for the 
sample analyses. 

4.2.4 Comparability 

Comparability is an expression of the confidence with which on data set can be compared with 
another. 

4.2.4.1 Field Comparability Criteria 

The criteria for field comparability will be to ensure and document that the monitoring program is 
properly implemented and the sampling procedures in the Technical Report No. 1 are followed 
for the duration of the sampling programs described in this QAPP and any amendments to this 
QAPP. 

4.2.4.2 Laboratory Comparability Criteria 

The criteria for laboratory data comparability will be to ensure that the analytical methods used 
for analysis of samples collected at each event are comparable to previous events.  The 
analytical methods identified in Section 5.3.2 of this QAPP generally are comparable to the 
methods used to generate data for previous investigations. 

4.2.5 Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under normal conditions. 
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4.2.5.1 Field Completeness Criteria 

The criteria for field completeness will be a minimum of 90% validity of the field-measured data. 
The procedure for determining field data validity is provided in Section 5.9.2 of this QAPP.  The 
equation for calculating completeness is presented in 7.3.4 of this QAPP. 

4.2.5.2 Laboratory Completeness Criteria 

The criteria for laboratory completeness will be a minimum of 90% validity and usability of the 
laboratory data for the intended purpose.  The procedure for determining laboratory data validity 
is provided in Section 5.9.1 of this QAPP. The equation for calculating completeness is 
presented in Section 7.3.4 of this QAPP. 

4.2.6 Sensitivity 

Sensitivity is the ability of a method or instrument to detect a parameter to be measured at a 
level of interest. 

4.2.6.1 Field Sensitivity Criteria 

The criteria for field measurement sensitivity are provided in Table 3-1.  The sensitivity of the 
field instruments selected to measure the pH, temperature, conductivity, ORP, turbidity, DO will 
be measured by analyzing calibration check solutions, where appropriate, that equate to the 
lower end of the expected concentration range. 

4.2.6.2 Laboratory Sensitivity Criteria 

The sensitivity requirements for the laboratory analyses are provided in Table 3-1.  The 
analytical methods are sufficiently sensitive for the project objectives. 

4.3 Special Training/Certification Requirements 

Special training/certification requirements for this project were provided in Section 2.5. 

4.4 Documentation and Records 

The documents, records and reports generated during the sampling events are identified in the 
following subsections. 
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4.4.1 Field and Laboratory Records 

Documents and records generated during the project include sample collection records, QC 
sample records, field measurement records, laboratory records and data handling records.  A 
brief description of these documents and records are provided below.  Detailed information on 
these records is provided in subsequent sections of this QAPP. 

Sample collection records that will be used during the sampling activities include field logbooks, 
groundwater sampling records, surface water sampling records, chain-of-custody records, etc. 

QC sample records that will be used during the project to document the generation of QC 
samples include chains of custody, sample logs, field logbooks for recording equipment blank 
samples, field duplicate samples, and MS/MSD and duplicate samples.  SVL will maintain 
appropriate quality records for deionized water sent for field and equipment blank samples and 
sample integrity information.  Records of sample preservation will be maintained in the sample 
logs, on the chains of custody, in field logbooks and by SVL. 

Field measurements of water level, pH, temperature, conductivity, ORP, turbidity, DO and 
conductivity will be recorded in bound logbooks or standard field forms.  Calibration data, where 
applicable, will also be recorded in these logbooks or forms. 

Laboratory records that will be maintained for the project include sample receipt documentation, 
field and laboratory chain-of-custody documentation, sample container cleanliness certifications, 
reagent and standard reference material certifications, sample preparation records, sample 
analysis records (e.g., run logs), instrument/raw data, QC data, calibration data, corrective 
action reports and final reports. 

Data handling records that will be maintained include verification of computer programs used to 
manipulate or reduce raw data into final results and data validation reports.  SVL will maintain 
documentation of data verification and reduction procedures as necessary for all analyses 
associated with the remedial action and monitoring program.  Simplot will maintain checklists, 
notes and reports generated during the external data validation process. 

4.4.2 Data Reporting Format 

Field data will be recorded in bound logbooks or on standard forms (e.g., boring logs).  The 
details for recording field data are provided in Section 5.2.2.1 of this QAPP.  Field data primarily 
will be readings from field meters (e.g., depth to water measurements) or field observations. 
These data will be tabulated and included in project reports or submittals, as appropriate. 

Laboratory reports for samples collected during the project will consist of the following data 
deliverables: 

1) Date of issuance; 
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2) Any deviations from intended analytical strategy;
 

3) Laboratory batch number; 


4) Project name and number; 


5) Flagging if sample holding times were not met; 


6) Discussion of technical problems or other observations that may have created analytical
 
difficulties; 

7) Discussion of any laboratory quality control checks that failed to meet project criteria; 

8) Dates of sample collection, receipt, preparation and analysis; 

9) Cross-reference of laboratory to project sample identification numbers; 

10) Description of data qualifiers used; 

11) Methods of sample preparation and analysis; 

12) Sample results and units of measure in tabular format; 

13) MS, duplicate, LCS and method blank data; and 

14) Fully executed chain-of-custody document. 

4.4.3 Data Archiving and Retrieval 

Consistent with the CERCLA SOW requirement, all records and documents that relate in any 
way to the Site shall be preserved for a minimum of ten (10) years after commencement of 
construction of any remedial action.  After the 10-year period, EPA and IDEQ will be notified at 
least ninety (90) days before the documents are scheduled to be destroyed.  All records will be 
maintained consistent with good laboratory practice. 

5.0 DATA GENERATION AND ACQUISITION 

The design and implementation of the measurement systems that will be used for the 
groundwater and surface water monitoring, including sampling procedures, analytical 
procedures and data handling and documentation are detailed in the following subsections. 
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5.1 Sampling Process Design 

The rationale for the groundwater and surface water sampling program design is provided in 
Section 2 of the Technical Report No. 1. The sampling programs were developed through the 
DQO process. 

5.1.1 Sampling Methods 

Sampling collection methods are provided in the Field Sampling Plan (Sections 3.6 
[groundwater] and 4.2.2 [surface water] of the Technical Report No. 1). 

5.1.2 Field Equipment and Sample Container Cleaning Procedures 

Field equipment cleaning/decontamination procedures are provided in Standard Operating 
Procedure HSOP-7 in Appendix B of the Technical Report No. 1.  Sample containers will be 
provided by SVL.  All containers will be pre-cleaned in accordance with the U.S. EPA guidance 
document entitled “Specifications and Guidance for Contaminant-Free Sample Containers”, 
EPA 540/R-93/051. Certificates of analysis for each lot of containers will be maintained by SVL. 

5.1.3 Field Equipment Maintenance, Testing, and Inspection Requirements 

Field equipment will be inspected and tested prior to being shipped to the field.  Prior to use in 
the field, the equipment is checked again, generally during field calibration and the performance 
information is recorded in the field logbook.  All equipment shipped back from the field is 
inspected and tested upon return.  Any required maintenance is performed and documented 
prior to the equipment being returned to service. 

Critical spare parts for field equipment and replacement field equipment are required to ensure 
prompt repair/replacement when the need is identified.  Alternately, field equipment vendors can 
provide replacement equipment if needed. 

5.1.4 Inspection and Acceptance Requirements for Supplies and Sample Containers 

The field supplies for the sampling activities consist of calibration standard solutions for field 
instrument calibration and calibration checks, detergent (Alconox) for equipment cleaning, 
distilled water for sample collection equipment rinsing, deionized water for final sample 
collection equipment rinsing and for collecting equipment blank samples, chemical preservatives 
for pH adjustment of the appropriate aliquots of samples (e.g., nitric acid for metals), and 
sample containers to collect the water samples. 
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Field calibration standards (e.g., pH buffers, conductivity solutions) will be obtained from a 
reputable source and will be traceable to National Institute of Standards and Technology 
(“NIST”) standards. The calibration standards will be checked prior to being sent to the field to 
ensure that they have not expired or otherwise degraded, which would warrant replacement of 
the standards. Alconox, which is a standard laboratory-grade detergent, will also be obtained 
from a reputable source.  Distilled water will be purchased as needed from a variety of vendors. 

Deionized water, chemical preservatives, and sample containers will be provided by SVL.  SVL 
will maintain documentation of the purity/cleanliness for these materials.  SVL’s QA Officer is 
ultimately responsible for ensuring that these materials are acceptable for the project.  The 
acceptability of these materials for use will be evaluated by reviewing lot analysis certificates 
(deionized water, chemical preservatives and containers).  

5.2 Sample Handling and Custody Requirements 

The procedures for sample handling, labeling, shipping and chain-of-custody documentation are 
provided in the subsections that follow. 

5.2.1 Sample Handling 

Table 5-1 identifies the requirements for the number of containers, container volume, container 
type (material of construction), preservation, holding time periods, packaging, and shipping. 

The sample numbering system for the project has been designed to uniquely identify each 
sample from each event. Sample designation data will be maintained in a database and 
additional metadata will be assigned to the sample designation such as GPS coordinates.  Field 
quality control samples, field duplicates, will also be assigned unique sample designations that 
will result in a blind submittal to the analytical laboratory.  Field duplicates will be collected at a 
minimum frequency of one per twenty field samples. 

Samples will be placed in shipping coolers containing bagged, cubed ice immediately following 
collection.  The samples will be grouped in the shipping cooler by the order in which the 
samples are collected.  The samples will be shipped to the laboratory via an overnight courier 
service, generally on the day they are collected.  The only exceptions to this procedure will be 
for samples collected after the courier service has picked up the shipment for the day and 
samples collected on a Sunday or holiday.  In these instances, the samples will be shipped on 
the next business day. 

The laboratory will group the samples in sample delivery groups (SDGs) by sampling program. 
An SDG is a group of 20 or fewer field samples (including field QC samples) received by the 
laboratory within 14 calendar days. 
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Table 5-1: Container, Preservation, Shipping and Packaging Requirements 

Analyses Sample Containers Preservation 
Maximum Holding 

Time 
Volume Of 

Sample 
Shipping 

Routine 
Packaging 

Total Metals One 1-L polyethylene HNO3 to pH<2 6 months for analysis Fill to neck of Federal Express Bubble Wrap or 
bottle bottle Priority 1 Foam Chips 

Fluoride, Sulfate, One 1-L polyethylene Iced 28 days for analysis Fill to neck of Federal Express Bubble Wrap or 
Chloride,  bottle bottle Priority 1 Foam Chips 
Total Dissolved One 500 mL polyethylene Iced 7 days for analysis Fill to neck of Federal Express Bubble Wrap or 
Solids bottle bottle Priority 1 Foam Chips 
Alkalinity One 500 mL polyethylene Iced 14 days for analysis Fill to neck of Federal Express Bubble Wrap or 

bottle bottle Priority 1 Foam Chips 
Total Phosphorus, One 1-L polyethylene Iced 28 days for analysis Fill to neck of Federal Express Bubble Wrap or 
Nitrate + Nitrite, bottle H2SO4 to pH <2 bottle Priority 1 Foam Chips 
Ammonia 

Notes: 
1. 	 Where possible, analyses will be combined into the minimum number of sample containers with respect to sample preservation requirements. 
2. 	 Samples requiring refrigeration will be shipped in coolers containing bagged, cubed ice.  Following laboratory receipt and log-in, these samples will be stored 

at 4o + 2oC. 
3. 	 Maximum holding times presented are technical holding times and are based on the time elapsed from sample collection. 
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5.2.2 Sample Custody 

Procedures for sample custody are detailed in HSOP-4, included in Appendix B to the 
Technical Report No. 1.  Chain-of-custody is the sequence of possession of an item.  An 
item (such as a sample or final evidence file) is considered to be in custody if the item is in 
actual possession of a person, the item is in the view of the person after being in his/her 
actual possession, or the item was in a person’s physical possession but was placed in a 
secure area by that person.  Field, laboratory, and final evidence files custody procedures 
are described in the subsections that follow. 

5.2.2.1 Field Custody Procedures 

Logbooks and/or log sheets will be used to record field data collection activities.  Entries into 
field logbooks will be described in as much detail as possible to ensure that a particular 
situation could be reconstructed solely from logbook entries.  Field logbooks will be bound 
field survey books or notebooks with consecutively numbered pages. Logbooks will be 
assigned to field personnel who will be responsible for them.  Log sheets are standardized 
forms that may be used by the sampling team to document information ordinarily recorded in 
bound logbooks.  Copies of the field documents will be maintained in the project file.  

Entries into the logbook will contain a variety of information.  At the beginning of each day’s 
logbook entry, the date, start time, weather, names of all sampling team members present, 
and the signature of the person making the entry will be entered.  The names of individuals 
visiting the site or field sampling team and the purpose of their visit will also be recorded in 
the field logbook. 

All field measurements obtained and samples collected will be recorded.  All logbook entries 
will be made in ink, signed and dated with no erasures.  If an incorrect logbook entry is 
made, the incorrect information will be crossed out with a single strike mark which is initialed 
and dated by the person making the erroneous entry.  The correct information will be 
entered into the logbook adjacent to the original entry. 

Whenever a sample is collected or a measurement is made, a detailed description of the 
location will be recorded in the logbook.  Photographs taken at a location, if any, will also be 
noted in the logbook. All equipment used to obtain field measurement will be recorded in 
the field logbook. In addition, the calibration data for all field measurement equipment will 
be recorded in the field logbook or on log sheets. 

Samples will be collected following the sampling procedures documented in Section 3.6 
(groundwater) and 4.2.2 (surface water) of the Technical Report No. 1.  The equipment used 
to collect samples, time of sample collection, sample description, volume and number of 
containers, preservatives added (if applicable) will be recorded in the field logbook.  Each 
sample will be uniquely identified. 
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The sample packaging and shipping procedures summarized below will ensure that the 
samples arrive at the laboratory with the chain-of-custody intact: 

1) 	 The field sampler is personally responsible for the care and custody of the samples 
until they are transferred to another person or the laboratory.  As few people as 
possible will handle the samples. 

2) 	 All sample containers will be identified by using sample labels which include the date 
of collection, unique sample number and analyses to be performed. 

3) 	 Sample labels will be completed for each sample using waterproof ink. 

4) 	 Samples will be placed in coolers containing ice immediately after collection. 

5) 	 Samples will be accompanied by a properly completed chain-of-custody form.  The 
sample identification numbers will be listed on the chain-of-custody form.  When 
transferring the possession of samples, the individuals relinquishing and receiving 
the samples will sign and record the date and time on the form.  The chain-of
custody form documents sample custody transfers from the sampler to another 
person, to the laboratory, or to/from a secure storage area. 

6) 	 All sample shipments will be accompanied by the chain-of-custody form identifying 
its contents.  The chain-of-custody form is a four-part carbonless-copy form.  The 
form is completed by the sampling team and, after signing and relinquishing custody 
to the shipper retains the bottom (goldenrod) copy.  The shipper, if different than the 
sampling team members, retains the pink copy after relinquishing custody to the 
laboratory. The yellow copy is retained by the laboratory and the fully executed top 
copy is returned as part of the data deliverables package. 

Samples will be properly packaged for shipment and dispatched to the laboratory for 
analysis with a separate signed chain-of-custody form enclosed in and secured to the inside 
top of each shipping cooler.  All sample containers will be placed in a strong, outside 
shipping container.  Each ice chest will be securely taped shut with nylon strapping tape; 
and custody seals will be affixed to the front and back of each cooler lid.  The following 
outlines the packaging procedures that will be followed: 

 When ice is used, secure the drain plug of the cooler with fiberglass tape to prevent 
melting ice from leaking out of the cooler. 

 Line the cooler with bubble wrap, as needed, to prevent breakage during shipment. 

 Check screw caps for tightness and, if not full, mark the sample volume level of liquid 
samples on the outside of their sample bottles with indelible ink. 
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 Custody-seal all container tops. 

 Affix sample labels onto the containers and write sample number on container with 
indelible ink. 

 Wrap all sample containers in bubble wrap, as needed, to prevent breakage. 

7) 	 If the samples are sent by common carrier, a bill of lading will be used and copies will 
be retained as permanent documentation.  Commercial carriers are not required to 
sign the COC form as long as the form is sealed inside the sample cooler and the 
custody tape remains intact. 

8) 	 If samples are not shipped to the laboratory the same day the samples are collected 
in the field, additional ice will be placed in the coolers, the coolers will be sealed and 
kept in a designated secure area until they are shipped to the laboratory as 
described above. 

5.2.2.2 Laboratory Custody Procedures 

Laboratory sample custody begins when the samples are received at the laboratory.  SVL’s 
sample custodian will assign a unique laboratory sample identification number to each 
incoming sample. The field sample identification numbers, laboratory sample identification 
numbers, date and time of sample collection, date and time of sample receipt, and 
requested analyses will be entered into the sample receiving log.  SVL’s sample log-in, 
custody, storage and document control procedures are detailed in the appropriate SOPs in 
Appendix B to the Technical Report No. 1. 

Following log-in, all samples will be stored within an access-controlled location and will be 
maintained properly preserved (as defined in Table 5-1) until completion of all laboratory 
analyses. Unused sample aliquots and sample extracts/digestates/distillates will be 
maintained properly preserved for a minimum of 30 days following receipt of the final report. 
SVL will be responsible for the disposal of unused sample aliquots, sample containers, and 
sample extracts/digestates/distillates in accordance with all applicable local, state and 
federal regulations.  Extended storage will have added costs and will require communication 
with all affected departments within SVL as samples, digestates, extracts and other items 
will be involved. 

The laboratory will be responsible for maintaining analytical log books and laboratory data. 
Raw laboratory data files will be inventoried and maintained by the laboratory regarding 
additional storage. 
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5.2.2.3 Final Evidence Files Custody Procedures 

The final evidence file for the project will be maintained by Simplot and will consist of the 
following: 

1) Project plan; 

2) Project log books; 

3) Field data records 

4) Sample identification documents; 

5) Chain-of-custody records 

6) Correspondence 

7) References, literature 

8) Final laboratory reports 

9) Miscellaneous – photos, maps drawings, etc.; and 

10) Final report 

The final evidence file materials will be the responsibility of the evidentiary file custodian 
(Contractor Project Manager) with respect to maintenance and document removal. 

5.3 Analytical Method Requirements 

The field and laboratory analytical methods that will be used are detailed in the following 
subsections. 

5.3.1 Field Analytical Methods 

Groundwater and surface water samples will be analyzed in the field for the parameters of 
pH, temperature, conductivity, oxidation-reduction potential (“ORP”), dissolved oxygen 
(“DO”), and turbidity. SOPs for the operations of the instruments used to collect these 
measurements are presented in Appendix B to the Technical Report No. 1 (groundwater) 
and in the IDEQ QAPP (Attachment B). 
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5.3.2 Laboratory Analytical Methods 

The analytical methods that will be used by the selected laboratory for analyzing the field 
samples are presented in Table 3-1.  SVL’s SOPs for the analytical methods are referenced 
in Attachment A. Method validation and detection limit study information for the analyses 
are included in SVL’s SOPs. 

5.4 Quality Control Requirements 

The field and laboratory QC requirements for the monitoring activities are discussed in the 
following subsections. 

5.4.1 Field Sampling Quality Control Samples 

Field QC requirements include analyzing reference standards for instrument calibration and 
for routine calibration checks.  The acceptance criteria are provided in the SOPs in 
Appendix B to the Technical Report No. 1.  Field QC samples for this project include field 
blanks and equipment rinsate blanks to determine the existence and magnitude of sample 
contamination resulting from ambient conditions or sampling procedures, and field duplicate 
samples to assess the overall precision of the sampling and analysis events.  The field blank 
will be collected once per source of distilled or deionized water used for decontamination of 
field equipment. The equipment rinsate blank and field duplicates will be collected at a 
minimum frequency of one per twenty field samples. 

5.4.2 Analytical Quality Control 

The laboratory QC requirements for the general chemistry and metals analyses of samples 
may include routine analyses of  preparation blanks, initial calibration blanks, continuing 
calibration blanks, initial interference check standards, serial dilution samples, MS/MSD or 
laboratory duplicate samples and LCSs at the frequencies specified in SVL’s SOPs.  The 
laboratory’s acceptance criteria for these QC checks are provided in Table 4-1.  When met, 
these limits provide data of acceptable accuracy, precision and representativeness for their 
intended data uses. 

5.5 Instrument/Equipment Testing, Inspection and Maintenance Requirements 

The procedures used to verify that instruments and equipment are functional and properly 
maintained are described in the following subsections. 
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5.5.1 Field Instrument Maintenance 

The routine maintenance and calibration of field instruments is performed by the equipment 
rental company. Certification of maintenance and calibration will be obtained when checked 
out. Trouble-shooting procedures for field instruments and specific maintenance procedures 
to be followed are those recommended by the manufacturer.  Field instruments will be 
checked and calibrated daily before use. 

5.5.2 Laboratory Instrument Maintenance 

As part of its QA/QC program, SVL conducts a routine preventative maintenance program to 
minimize the occurrence of instrument failure and other system malfunctions. Designated 
laboratory employees will regularly perform routine scheduled maintenance and repair of (or 
coordinate with the instrument manufacturer for the repair of) all instruments.  All 
maintenance that is performed will be documented in the laboratory’s maintenance 
logbooks. All laboratory instruments are maintained in accordance with manufacturer’s 
specifications.  The laboratory SOPs in referenced in Attachment A provide complete details 
for instrument preventative maintenance. 

5.5.3 Calibration Procedures and Frequency 

The procedures for maintaining the accuracy for all the instruments and measuring 
equipment which are used for conducting field tests and laboratory analyses are described 
in the following subsections.  These instruments and equipment will be calibrated prior to 
each use or according to a periodic schedule. 

5.5.4 Field Instruments/Equipment 

Instruments and equipment used to generate, or measure environmental data will be 
calibrated with sufficient frequency and in such a manner that accuracy and reproducibility 
of results are consistent with the manufacturer’s specification and requirements presented in 
the SOPs in Appendix B to the Technical Report No. 1. 

Equipment to be used during field sampling will be examined to confirm that it is in operating 
condition. This includes checking the manufacturer’s operating manual for each instrument 
to ensure that all maintenance requirements are being observed. Individual calibration 
records for each field instrument that will be used for the project will be reviewed to ensure 
that any prior equipment problems have not been overlooked and all necessary repairs to 
equipment have been completed. 
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5.5.5 Laboratory Instruments 

Calibration of laboratory equipment will be based on approved written procedures.  Records 
of calibration, repairs or replacement will be filed and maintained by the designated 
laboratory personnel performing quality control activities.  These records will be filed at the 
location where the work is performed and will be subject to QA audit.  For all instruments, 
the laboratory will maintain a properly trained repair staff with in-house spare parts or will 
maintain serviced contracts with vendors. 

The records of calibration will be kept as follows: 

1) If possible, each instrument will have record of calibration permanently affixed with 
an assigned record number. 

2) A logbook will be assigned to each instrument showing description, manufacturer, 
model numbers, date of last calibration and the signature of the person who 
calibrated the instrument, due date of next calibration and compensation or 
correction figures, as appropriate. 

3) A written stepwise calibration procedure will be available for each piece of test and 
measurement equipment. 

4) Any instrument that is not calibrated to the manufacturer’s original specification will 
display a warning tag or will otherwise be removed from service, as appropriate. 

Specific calibration procedures and frequencies are detailed in the laboratory SOPs included 
in Appendix B to the Technical Report No. 1. 

5.6 Inspection/Acceptance Criteria for Supplies and Consumables 

The procedures that will be used to ensure that supplies and consumables used in the field 
and laboratory will be available as needed and free of contaminants are detailed in the 
following subsections. 

5.6.1 Field Supplies and Consumables 

Supplies and consumables for field measurements and sampling will be obtained from 
various vendors and include standards for field meter calibration, sample containers, 
preservatives, detergent and water for equipment decontamination, and field blank water. 
The vendors and inspection and acceptance criteria for these field supplies were presented 
in Section 5.1.3 of this QAPP.  Additional field supplies and consumables include pump 
tubing and personnel protective equipment (“PPE”).  Pump tubing will be constructed of pre-
cleaned high-density polyethylene.  This material will not introduce contaminants into the 
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samples or interfere with the analyses. All field supplies will be consumed or replaced with 
sufficient frequency to prevent deterioration or degradation that may interfere with the 
analyses. 

5.6.2 Laboratory Supplies and Consumables 

The laboratory supplies and consumables will be of adequate quality to meet the needs of 
the project.  The lot numbers of reagents and standards are recorded and dates of receipt, 
first use, and expiration are documented.  Certificates of analysis are maintained on file to 
document reagent/standard purity. The inherent QC samples analyzed with each set of field 
samples are used to identify contaminants in reagents and standards and monitor 
deterioration of reagents and standards.  Corrective actions are required if contaminants or 
deterioration are identified.  The Laboratory QA Manager is ultimately responsible for the 
ensuring the acceptability of supplies and consumables.  

5.7 Data Acquisition Requirements (Non-Direct Measurements) 

Data from previous investigations were reviewed and considered during the development of 
the remedial design. These data have been incorporated into the project database.  The 
minimum data elements required for inclusion in the database are sampling dates, spatial 
locations, parameter, concentration or value, and measurement units. 

5.8 Data Management 

The procedures for managing data from generation to final use and storage are detailed in 
subsections that follow. 

5.9 Data Recording 

Field data will be recorded in field logbooks or on standard forms and consist of 
measurements from direct reading instruments or direct measurements.  Field staff are 
responsible for recording field data and the Field Supervisor is responsible for identifying 
and correcting recording errors.  

Laboratory data are recorded in a variety of formats.  Data from instruments are recorded on 
magnetic media, strip charts or bench sheets.  The laboratory SOPs referenced in 
Attachment A provide the data recording requirement for each preparation and analysis 
method. 
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5.9.1 Data Evaluation 

Evaluation of field data for this project will primarily consist of checking for transcription 
errors and review of data recorded in field logbook or on standard forms.  Data transcribed 
from the field logbook or standard forms into summary tables for reporting purposes will be 
verified for correctness by the Field Supervisor or his designee.  Any limitations on the use 
of field data will be included in the data evaluation reports. 

Evaluation of the analytical data will be performed by the Project Chemist based on the 
project DQOs and laboratory SOPs. Criteria outlined in the “USEPA Contract Laboratory 
Program National Functional Guidelines for Inorganic Data Review” (EPA 540-R-04-004, 
October 2004) will be used as general guidelines for data evaluation.  The evaluation and 
action criteria specified in these documents (referred to hereafter as the National Functional 
Guidelines) were used to develop project DQOs, but the acceptance limits for QC data will 
be the control limits determined statistically by the laboratory and accepted for use on this 
project instead of more general limits specified in the National Functional Guidelines.  The 
following QC data deliverables will be evaluated on 100 percent of the data (excluding field 
tests): 

1) Technical Holding Times 

2) Field and Laboratory Blanks; 

3) MS/MSD or Laboratory Duplicate; 

4) LCS Results; and 

5) Field Duplicates 

The results of the data validation process will be documented in a format that specifies all 
limitations on the usability of the analytical data. 

5.9.2 Data Transformation/Data Reduction 

Field data reduction procedures will be minimal in scope compared to those implemented for 
laboratory data.  Only direct reading instrumentation will be employed in the field.  The use 
of field instrument meters will generate data read directly from the meters following 
calibration as outlined in the SOPs in Appendix B to the Technical Report No. 1.  These data 
will be recorded into field logbooks immediately after the measurements are taken. 

Laboratory data reduction procedures will be followed according to the following protocol: 

1) 	 Raw data produced and checked by the responsible analyst is turned over for 
independent review by another analyst. 
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2) The area supervisor or auditor/verifier reviews the data for attainment of quality 
control criteria established by the QAPP. 

3) The area supervisor will decide whether any sample re-analysis is required. 

4) Upon completion of all reviews and acceptance of the raw data by the area 
supervisor, a report will be generated and sent to the laboratory Project Manager. 

5) The laboratory Project Manager will complete a thorough inspection of all reports. 

6) Following review and approval of the preliminary report by the laboratory Project 
Manager, final reports will be generated and receive QA review by the Data 
Deliverables department and other technical designees. 

Specific equations and procedures used for data reduction are contained in the SOPs in 
Appendix B to the Technical Report No. 1. 

5.9.3 Data Transmittal/Transfer 

Field data from surveying will be provided in an electronic format that is compatible with 
geographic information systems (GIS) software, and water level measurement will be 
entered into a standard Microsoft Excel spreadsheet format.  The Contractor Project 
Manager is responsible for verifying the correctness of the field data after the data are 
transferred to a spreadsheet format.  Geographical data are maintained in a database 
described below. 

SVL will provide electronic data deliverables (“EDDs”) in a Microsoft Access database 
format. The laboratory data are maintained in the database for review and presentation. 

The Project Chemist is responsible for verifying the correctness of the analytical database 
after the laboratory data for each event have been imported.  This is accomplished by 
comparing the data from the database to the hardcopy analytical reports for a minimum of 
10 percent of the sample results. The Contractor Environmental QA Manager is responsible 
for ensuring that this final QC check has been performed.  If discrepancies between the 
database and hardcopy analytical reports are detected, a complete verification of the 
database will be performed or a new EDD will be submitted, imported, and verified as 
described previously. 

5.9.4 Data Analysis 

Details of how data will be analyzed are provided in Sections 3.7 (groundwater) and 4.3 
(surface water) of the Technical Report No. 1. 
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5.9.5 Data Assessment 

Internal assessment of laboratory data by SVL will be performed using the procedures 
detailed in the SOPs referenced in Attachment A.  These assessments included determining 
the mean, standard deviation, relative standard deviation (“RSD”), percent difference 
(“RPD”) and percent recovery for certain QC elements. 

Assessment of QC data for data evaluation purposes will include determining the mean, 
standard deviation, RSD, percent difference, percent recovery, RPD, and percent 
completeness. The statistical equations to determine percent recovery, RPD and percent 
completeness are provided in Sections 7.2 and 7.3 of this QAPP. 

5.9.6 Data Tracking 

Data generated in the field, such as water level measurements, will be recorded in field 
logbooks or on standard forms.  The data will be transcribed for analysis and reporting as 
discussed in Section 5.9.3.  When feasible, the original of all documentation will be 
maintained in the final evidence file; otherwise copies will be included in the file. 

Laboratory data tracking procedures are provided in the SOPs referenced in Attachment A. 
These SOPs provide the procedures for tracking data from generation to reporting.  SVL’s 
LIMS also provides a means for tracking data in the laboratory 

Tracking of analytical data in the database includes recording the laboratory generating the 
data, the date when the EDD was received and imported and the date when qualifiers were 
applied to the results.  The Contractor Project Manager is ultimately responsible for tracking 
data from entry into the database to reporting. 

5.9.7 Data Storage and Retrieval 

Laboratory data will be stored by SVL in hardcopy format at their Kellogg, Idaho facility. 
Data are archived on-site for a period of one year, after which time the data are warehoused 
off site for a combined archive period of ten years.  Electronic instrument data are 
maintained on for five years. 

Simplot is responsible for project data storage and retrieval for groundwater.  Data files and 
the electronic database will be maintained by Formation Environmental.  Upon completion of 
the project, the final evidence file will be archived by Simplot in their Boise, Idaho offices. 
IDEQ is responsible for data storage and retrieval for surface water.  
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5.9.8 Data Security 

Laboratory data security is the responsibility of SVL’s records manager.  Archived data 
cannot be accessed without authorization and the name and purpose of personnel 
accessing archived data are recorded.  SVL’s LIMS is password protected and access rights 
are restricted by job function. 

Simplot’s data security procedures include limiting project database access to database 
analysts and general building security procedures. 

6.0 ASSESSMENT/OVERSIGHT 

The following subsections describe the procedures used to ensure proper implementation of 
this QAPP and the activities for assessing the effectiveness of the implementation of the 
project and associated QA/QC activities. 

6.1 Assessments and Response Actions 

Assessments consisting of internal and external audits may be performed during the project. 
Internal technical system audits of both field and laboratory procedures will be conducted to 
verify that sampling and analysis are being performed in accordance with the procedures 
established in the monitoring plan and QAPP.  External field and laboratory audits may be 
conducted by IDEQ or any entity assigned quality oversight responsibilities. 

An internal field technical system audit of field activities, including sampling and field 
measurements, may be conducted by the Field Supervisor or his designee at the beginning 
of the field sampling activities to identify deficiencies in the field sampling and 
documentation procedures.  A field technical system audit will include examining field 
sampling records, field instrument operating records, field instrument calibration records, 
and chain-of-custody documentation. In addition, sample collection, handling and 
packaging in compliance with the established procedures will be reviewed during the field 
audit. Any deficiencies identified will be documented and corrective actions will be taken to 
rectify the deficiencies. 

Corrective action resulting from internal field technical system audits will be implemented 
immediately if data may be adversely affected due to unapproved or improper use of 
approved methods.  The Field Supervisor will identify deficiencies and recommended 
corrective action to the Contractor Project Manager.  Implementation of corrective actions 
will be performed by the field team under the oversight of the Field Supervisor.  Corrective 
action will be documented in the field logbook and/or the project file.  Follow-up audits may 
be performed as necessary to verify that deficiencies have been corrected, and that the 
QA/QC procedures described in this QAPP and the SAP are maintained throughout the 
project. 
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An external field technical system audit may be conducted by IDEQ 10 any time during the 
field operations. These audits may or may not be announced and are conducted at the 
discretion of IDEQ. 

An internal laboratory technical system audit may be conducted by the SVL QA Officer or 
his/her designee. The laboratory technical system audit includes examining laboratory 
documentation regarding sample receiving, sample log-in, storage and tracking, chain-of
custody procedures, sample preparation and analysis, instrument operating records, data 
handling and management, data tracking and control, and data reduction and verification. 
The Laboratory QA Manager will evaluate the results of the audit and provide a final report 
to section managers and the Operations Manager that includes any deficiencies and/or 
noteworthy observations. 

Corrective action resulting from deficiencies identified during the internal laboratory technical 
system audit will be implemented immediately. The Operations Manager or section leaders, 
in consultation with the laboratory supervisor and staff, will approve the required corrective 
action to be implemented by the laboratory staff.  The Laboratory QA Manager will ensure 
implementation and documentation of the corrective action.  All problems requiring 
corrective action and the corrective action taken will be reported to the laboratory Project 
Manager. Follow-up audits will be performed as necessary to verify that deficiencies have 
been corrected, and that the QA/QC procedures described in the QAPP are maintained 
throughout the project. 

An external laboratory audit may be conducted by IDEQ personnel.  These audits may or 
may not be announced and are at the discretion of IDEQ.  The external laboratory audits will 
include, but not be limited to, reviewing laboratory analytical procedures, laboratory on-site 
audits, and/or submitting performance evaluation samples to the laboratory for analysis. 

6.2 Reports to Management 

Quality Assurance Management Reports will be prepared throughout the duration of the 
monitoring program. The QA Management Reports will be prepared at the conclusion of 
data gathering or assessment activities. Minimally, these reports will include project status, 
findings of any performance evaluations and system audits completed, results of periodic 
data quality validation and assessment and summary of any limitations on data uses, and 
any significant QA problems identified and corrective actions taken to resolve those 
problems. The Environmental QA Manager will be responsible within the organizational 
structure for preparing these reports.  The Contractor Project Manager will be provided with 
these reports for appropriate distribution.  The final investigative report will include a QA/QC 
section that will provide an overall data quality assessment compared to the data quality 
objectives outlined in this QAPP. 
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7.0 DATA VERIFICATION/VALIDATION AND USABILITY 

The QA activities that will be performed to ensure that the analytical data are properly 
documented, of known quality, and meet the project objectives are described in the following 
sections. 

7.1 Data Review, Verification, and Validation Requirements 

All field and laboratory data will be reviewed and the quality evaluated.  The measurement 
performance criteria in this QAPP will be used as the criteria for evaluating the analytical 
data. Field data and logbooks will be reviewed to ensure that the requirements of the 
sampling program, including the number of samples and locations, sampling procedures, 
and sample handling, were fulfilled; however, some acceptable departures from the planned 
sampling program due to unforeseen circumstances may not adversely impact the data 
usability. 

Sample collection procedures will be reviewed for compliance with the requirements of the 
QAPP.  If alternate sampling procedures were used, the acceptability of the procedure will 
be evaluated to determine the affect on the usability of the data.  Data usability will not be 
affected if the procedure used is determined to be an acceptable alternative that fulfills the 
measurement performance criteria in Section 4.2 of this QAPP.  

Sample handling records will be reviewed to ensure that sample integrity remained intact 
from collection to laboratory receipt and that samples were properly preserved.  Chain-of
custody documentation and sample condition upon laboratory receipt will be reviewed.  The 
data from samples for which the chain-of-custody or sample identification cannot be verified 
will be rejected.  The data for samples that were not properly preserved may be qualified or 
rejected depending on the severity of the deviation from the requirements of the QAPP.  If 
minor pH adjustments are required at the laboratory to account for sample buffering affects, 
data qualification may be required. 

Field and laboratory data will be verified to ensure that the methods used to analyze the 
samples were consistent with the requirements of this QAPP.  Data generated from the use 
of unapproved methods will be rejected.  Acceptable departures from the methods and 
SOPs specified in this QAPP include using an alternate field meter of comparable capability 
if the specified meter becomes inoperable. 

QC data will be reviewed to determine compliance with the acceptance criteria in Section 
5.4 of this QAPP.  QC data that do not meet the acceptance criteria may result in sample 
data qualification. Significant departures from the QC acceptance criteria may result in 
rejected data. Situations that result in data rejection include samples analyzed well beyond 
twice the technical holding time period, LCS analyte recoveries less than 50 percent if the 
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analyte is not detected in the associated samples or matrix spike analyte recoveries less 
than 30 percent if the analyte is not detected in the associated samples. 

7.2 Verification and Evaluation Methods 

Field data will be verified by reviewing field documentation and chain-of-custody records. 
Data from direct-reading instruments used for measurements of pH, conductivity, oxidation-
reduction potential (“ORP”), dissolved oxygen (“DO”), and turbidity will be internally verified 
by reviewing calibration and operating records.  SVL will internally verify the laboratory-
generated data by reviewing and documenting sample receipt, sample preparation, sample 
analysis (including internal QC checks), data reduction and reporting.  Any deviations from 
the acceptance criteria, corrective actions taken, and data determined to be of limited 
usability (i.e., laboratory-qualified data) will be noted in the laboratory report. 

Data validation will be conducted by the Project Chemist consistent with the procedure 
identified in Section 5.9.1 of this QAPP.  The data verification/evaluation procedure will 
identify data as being acceptable, of limited usability (qualified as estimated), or rejected. 
Examples of conditions that result in data being qualified as estimated or rejected are 
identified in Section 7.1 of this QAPP.  The results of the data verification/evaluation will be 
provided in data evaluation reports provided to Contractor Project Manager.  

Data determined to be unusable may require that corrective action to be taken. Potential 
types of corrective action may include resampling by the field team or reanalysis of samples 
by the laboratory. The corrective actions taken may be dependent upon the ability to 
mobilize the field team and whether the data are critical for project DQOs to be achieved. 
The Contract Environmental QA Manager will be advised of any situation requiring 
corrective action discovered during the data verification/evaluation process.  The Contractor 
Project Manager will be responsible for approving the implementation of all corrective 
actions. 

7.3 Usability/Reconciliation with Data Quality Objectives 

The overall usability of the data for evaluation of the effectiveness of the remediation 
activities will be assessed by evaluating the PARCCS of the data set to the measurement 
performance criteria in Section 4.2 of this QAPP using basic statistical quantities as 
applicable.  The procedures and statistical formulas to be used for these evaluations are 
presented in the following subsections. 
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7.3.1 Precision 

Project precision will be evaluated by assessing the RPD data from field duplicate samples. 
Analytical precision will be evaluated by assessing the RPD data from either duplicate 
spiked sample analyses or duplicate sample analyses. The RPD between two 
measurements is calculated using the following simplified formula: 

RPD = |R 1 – R 2|  x 100 

(R 1 + R 2)/2 


Where: R 1 = Original Sample Result 

R 2 = Duplicate Sample Result 

Overall precision for the sampling programs may be determined by calculating the mean 
RPD for all field duplicates in a given sampling event.  This will provide an evaluation of the 
overall variability attributable to the sampling procedure, sample matrix and laboratory 
procedures in each sampling event. 

The overall precision requirement will be the same as the project precision.  It should be 
noted that the RPD of two measurements can be very high when the data approach the 
quantitation limit of an analysis.  The calculation of the mean RPD will only include the RPD 
values for field duplicate sample analyte data that are greater than or equal to 5 times the 
quantitation limit for an analysis.  A control limit of ± the quantitation limit will be used for 
samples less than 5 times the quantitation limit. 

7.3.2 Accuracy/Bias 

The data from method/preparation blank samples, field blank samples, equipment rinsate 
blanks, matrix spikes, and LCSs will be used to determine accuracy and potential bias of the 
sample data. 

The data from method/preparation blanks samples provide an indication of laboratory 
contamination that may result in bias of sample data.  Sample data associated with 
method/preparation blank contamination are reviewed as part of the data evaluation 
procedure to determine if analytes detected in the samples and the associated 
method/preparation blanks are “real” or are the result of laboratory contamination.  The 
procedure for this evaluation involves comparing the concentration of the analyte in the 
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sample to the concentration in the method/preparation blank taking into account 
adjustments for sample dilutions.  In general, the sample data are qualified as estimated and 
potentially biased high the sample concentration is less than ten times the 
method/preparation blank concentration.  

The data from field blanks provides an indication of field and transportation conditions that 
may result in bias of sample data.  The evaluation procedure and qualification of sample 
data associated with field blank contamination is performed in the same manner as the 
evaluation procedure for method blank sample contamination. 

Matrix spike sample data provide information regarding the accuracy/bias of the analytical 
methods relative to the sample matrix.  Matrix spike samples are field samples that have 
been fortified with target analytes prior to sample preparation and analysis.  The percent 
recovery data provide an indication of the effect that the sample matrix may have on the 
preparation and analysis procedure.  Sample data exhibiting matrix effects will have been 
identified during the data verification/evaluation process. 

Analytical accuracy/bias will also be determined by evaluating the percent recovery data of 
LCSs. LCSs are artificial samples prepared in the laboratory using a blank matrix that is 
fortified with analytes from a standard reference material that is independent of the 
calibration standards. LCSs are prepared and analyzed in the same manner as the field 
samples. The data from LCS analyses will provide an indication of the accuracy and bias of 
the analytical method for each target analyte. 

Percent recovery is calculated using the following formula: 

%R = SSR – SR X 100 

SA 


Where: SSR = Spiked Sample Result 

SR = Sample Result or Background

   SA = Spike Added 

The percent recovery of LCS samples are determined by dividing the measured value by the 
true value and multiplying by 100. 

Overall accuracy/bias for the sampling events will be determined by calculating the percent 
of accuracy measurements that meet the measurement performance criteria specified in 
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Section 4.2 of this QAPP. Overall accuracy will be considered acceptable if the LCS 
percent recoveries are met for all the samples and the matrix spike percent recoveries are 
met for at least 75 percent of the samples. 

7.3.3 Sample Representativeness 

Representativeness of the samples will be assessed by reviewing the results of field audits 
and the data from field duplicate samples.  Overall sample representativeness will be 
determined by calculating the percent of field duplicate sample data that achieved the RPD 
criteria specified in Section 4.2 of this QAPP. Overall sample representativeness will be 
considered acceptable if the results of field audits indicate that the approved sampling 
methods or alternate acceptable sampling methods were used to collect the samples and 
the field duplicate RPD data are acceptable for at least 75 percent of the samples. 

7.3.4 Completeness 

Completeness will be assessed by comparing the number of valid (usable) sample results to 
the total possible number of results for a specific analysis.  Percent completeness will be 
calculated using the following formula: 

% Completeness = Number of Valid (usable) measurements  x 100 

               Number of Measurements Planned  


Overall completeness will be assessed by calculating the mean percent completeness for 
the entire set of data obtained for each sampling event.  Overall completeness will be 
considered acceptable if at least 90 percent of the data are considered usable for the 
intended purposes. 

7.3.5 Comparability 

The comparability of results is ensured through the collection and analysis of samples of 
each media type using consistent, well-documented field and laboratory procedures.  When 
deviations from field procedures are necessary, those deviations will be described in field 
notes and field sampling staff will report the deviation and circumstances requiring that 
deviation to the Consultant Project Manager and Consultant Environmental QA Manager. 
When deviations from laboratory analytical procedures are necessary, the laboratory and 
Consultant Environmental QA Manager will communicate the need to each other and then 
coordinate a corrective action to address that need.  Once the corrective action has been 
taken, a corrective action report will be generated by either the laboratory or the Project 
Chemist and provided to the Consultant Project Manager and Consultant Environmental QA 
Manager. 
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The comparability of data sets will be evaluated by reviewing the sampling and analysis 
methods used to generate the data for each data set.  Project comparability will be 
determined to be acceptable if the sampling and analysis methods specified in this QAPP 
and any approved QAPP revisions or amendments are equivalent for generating the 
analytical data.  

7.3.6 Sensitivity and Quantitation Limits 

The quantitation limits for the sample data will be reviewed to ensure that the sensitivity of 
the analyses was sufficient to achieve the project goals.  Overall sensitivity will be assessed 
by comparing the sensitivity for each monitoring event to the detectability requirements for 
the analyses. Overall sensitivity will be considered acceptable if quantitation limits for the 
samples are less than the applicable evaluation criteria (i.e., MCLs). 

It should be noted that quantitation limits may be evaluated as a result of high 
concentrations of target compounds, non-target compounds, and matrix interferences 
(collectively known as sample matrix effects).  In these cases, the sensitivity of the analyses 
will be evaluated on an individual sample basis relative to the applicable evaluation criteria. 
The need to investigate the use of alternate analytical methods may be required if the 
sensitivity of the analytical methods identified in this QAPP cannot achieve the evaluation 
criteria because of sample matrix effects. 

7.3.7 Data Limitations and Actions 

Data use limitations will be identified in data quality assessment reports.  Data that do not 
meet the measurement performance criteria specified in this QAPP will be identified and the 
impact on the project quality objectives will be assessed and discussed in these reports. 
Specific actions for data that do not meet the measurement performance criteria depend on 
the use of the data, and may require that additional samples be collected or the use of the 
data restricted. 

Data quality assessment reports will be prepared at the conclusion of each sampling event. 
Determination of the overall data quality for a specific sampling program will be conducted at 
the completion of the program. Data quality assessment reports will be included with the 
project reports. 
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1.0 QUALITY POLICY STATEMENT 

SVL Analytical, Inc. (SVL) recognizes that an effective quality system is 
paramount to providing analytical data that is legally defensible, technically 
accurate, and scientifically meaningful. 

The emphasis of SVL’s Quality Manual (QM) is to define control procedures 
for receipt, handling, and storage of samples; preparation and storage of 
standards; calibration and maintenance of analytical equipment; performance 
of analytical methods; and the generation, review, and reporting of analytical 
data. 

At SVL, quality assurance begins with the definition of Data Quality 
Objectives (DQO) and continues on through data reporting. Control 
procedures are defined for every step of the program as detailed in SVL’s 
Standard Operating Procedures (SOPs). SVL realizes that without these 
controls in all phases of the analytical process, data become suspect and hence 
of less value to our clients. Therefore, SVL is committed to providing data of 
the highest quality, usability, and defensibility for every project undertaken. 

SVL’s Management ensures that this Quality Manual complies with all applicable 
NELAC Quality System Standards and sees that it is reviewed annually 
and revised as needed. 

2.0 ORGANIZATION AND STRUCTURE 

The organizational structure of SVL follows a traditional scheme of 
management with a few modifications. The President/CEO is at the top of 
the chain of command followed immediately by the Laboratory Director, 
Quality and Systems Manager, Business Development, Human Resources, 
Administration and Accounting. The Quality Assurance Coordinator reports 
directly to the President/CEO. Technical Directors, Client Services, Sample 
Control, Classical Chemistry Department, Inorganic Instrument Department, 
Safety, Document Control and Maintenance Department report to the 
Laboratory Director. Systems Administrator and LIMS Chemist report to the 
Quality and Systems Manager. 
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      2.1 Organization Chart
 

PRESIDENT AND CEO 

W. SORENSEN 

ACCOUNTING 
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BUSINESS 
DEVELOPMENT 

D. WAISMAN 
C. MEYER 
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B. BORGIAS 

HUMAN 
RESOURCES 

D. MOONEY 

ADMINISTRATION 

G. BURMEISTER 

LABORATORY 
DIRECTOR 

J. Kern 

MAINTENANCE 

D. BAIR 

CLASSICAL 
CHEMISTRY 

J. HODGE 

SYSTEMS 
ADMINISTRATION 

S. SWANER 

LIMS 

K. SWAINSTON 

SAMPLE 
CONTROL 
C. SEVY 

C. FLORES 
R. STRIBLING 

CLASSICAL CHEMISTRY 

CHEMISTS AND ANALYSTS 
M. DORRELL D. SCHULTZ 
S. CLEARWATER J. SIEG 
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S. MAINE B. FLYNN 
S. KRATZ 

INSTRUMENT 
SUPERVISOR 
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SAFETY 
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CONTROL 
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DIRECTORS 
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2.2 Employee List
 

Position Employee Degree 
Years of Lab 
Experience 

President and CEO Wayne Sorensen BS 1962 41 

Laboratory Director John R. Kern MS 1982 25 

Business Development/Safety Officer Blake Johnson PhD 1971 23 

Quality and Systems Manager Brandan A. Borgias PhD 1985 27 

Document Control Officer Melba Bencich 27 

Client Services Manager G. Christine Meyer 29 

Business Development Manager Dave Waisman MS 1985 14 

Technical Director Kirby L. Gray BS 1972 23 

Deputy Technical Director/Safety Officer Nan Wilson BS 1996 12 

Deputy Technical Director Larry Drew PhD 1973 5 

Supervisor Inorganic Instrument Danny Sevy 20 

Supervisor Classical Chemistry James L. Hodge 41 

Systems Analyst Scott Swaner 5 

LIMS Chemist Kale Swainston BS 1998 5 

Accounting and Human Resources Donella Mooney 17 

Quality Assurance Coordinator Michael Desmarais BS 1995 11 

Ion Chromatography Analyst Ann Costello BS 1971 21 

ICP Spectroptomist Anne L. Spradlin BA 1983 22 

ICP Analyst David Tryon 4 

ICP and ICP-MS Chemist Dianne Gardner BA 1987 4 

ICP-MS and GFAA Analyst Kevin Hathaway 20 

CVAA Analyst Judy Ashcraft 38 

Chemist Stephanie Clearwater BS 2000 6 

Chemist Brian Flynn MS 2003 2 

Chemist Melissa Dorrell BS 2004 2 

Chemist Sherry Maine MS 2004 7 

Chemist Aleisha Elliott BS 2007 1 

Analyst Dean Palmer BS 1979 10 

Analyst Gordon Anthis 17 

Analyst Traci Wood 2 

Analyst Debbie Schultz 6 

Analyst Heidi Barnes 5 

Analyst Sheila Kratz 3 

Analyst Jennifer Sieg 1 

Sample Control Officer Crystal Sevy 5 

Sample Receiving Cindy Flores 4 

Sample Receiving Robin Stribling 2 

Document Control Dianne Costa 1 

Document Control Geri Napolitan 2 

Maintenance Dan Bair 1 

Receptionist Gloria Burmeister 5 
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3.0 JOB DESCRIPTIONS 

3.1 Laboratory Director 

The Director supervises daytoday operations of the laboratory. 
Responsible for monitoring standards of performance in quality control 
and quality assurance, and for monitoring the validity of the analyses 
performed and data generated in the laboratory. The Director holds a 
weekly staff meeting to discuss client and technical issues. 

3.2 Quality and Systems Manager 

The Systems Manager supervises operations of the Information 
Technology groups. The Systems Manager uses Excel, Crystal Reports 
and other database programs to develop and maintain client reports and 
electronic data deliverables. 

3.3 Department Supervisor 

Department heads supervise the daytoday operations of our analytical 
departments. They are responsible for department safety and analyst 
training. They are also responsible for review of outgoing analytical 
data. 

3.4 Quality Assurance Coordinator (QAC) 

The QAC is responsible for implementation of the quality system. The 
QAC manages the performance evaluation sample program and conducts 
laboratory audits. The QAC obtains and maintains laboratory 
accreditations, reviews and approves SOPs, and conducts staff training in 
integrity and quality systems. 

3.5 Document Control Officer (DCO) 

DCO is responsible for the generation and the retention of analytical 
reports and records, including but not limited to ChainsofCustody and 
sample shipping documents. DCO is also responsible for delivering 
electronic data deliverables. 
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3.6 Sample Control Officer (SCO) 

SCO is responsible for sample receipt, job creation/verification, and 
sample storage. 

3.7 Technical Director 

Technical Directors provide technical support to laboratory staff and 
provide final reviews of analytical data packages. 

4.0 APPROVED LABORATORY SIGNATORIES 

The Laboratory Director, John Kern, Quality and Systems Manager, Brandan 
Borgias, and Technical Director, Kirby Gray and Deputy Technical Directors, 
Larry Drew and Nan Wilson, and Department Supervisors Jim Hodge and 
Danny Sevy are approved laboratory signatories for analytical reports. 
QA/QC Coordinator Michael Desmarais has report generation privileges. 

5.0 RECORDS AND DOCUMENT CONTROL 

5.1 Standard Operating Procedures (SOPs) 

The Quality Assurance Coordinator (QAC) retains the master copies of 
SOPs. Controlled copies are distributed to individual laboratories as 
appropriate and electronic copies are available on the laboratory’s 
computer network. All SOPs are scheduled for review each year. 
Electronic copies are available on the laboratory network on the date of 
the Coordinator’s review with promulgation two weeks after that date. 
When a revision is created, the previous version is removed from the 
master file and affected laboratories, with a copy retained for the SOP 
archive file. 

5.2 Quality Manual (QM) 

The QAC retains the master copy of the QM. The QM is scheduled for 
review annually or when revisions are needed. Management makes 
copies available to Accrediting Authorities, laboratory staff and clients as 
needed. When a revision is created, previous versions are removed from 
use, and a copy is retained in the QM archive file. 
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5.3 Analytical Data 

The Document Control Officer (DCO) retains analytical data, including 
calibration records and quality control, for five years, unless a longer 
period is required by contract. 

5.4 Training Records 

The QAC maintains records of analyst training and proficiency. 

5.5 Performance Evaluation Samples 

The QAC maintains records of analysis of performance evaluation 
samples and the reports associated with the analyses. 

5.6 External and Internal Audits 

The QAC retains records of external and internal audits. 

5.7 Corrective Action Reports 

Are kept electronically and filed by hardcopy. 

5.8 Laboratory Logbooks 

SVL controls the issue, use, and closure of laboratory logbooks. The 
process is described in SOP SVL 2017. Examples of logbooks may 
include: the conductivity of laboratory water, preparation of reagents 
and standards, preparation of samples, calibration of balances, 
calibration of micropipets, volumetric pipets, repipettors, maintenance 
of instruments, and temperatures of ovens and refrigerators. The QAC 
assigns and archives logbooks. 

5.9 Chain of Custody 

The DCO is in charge of chainofcustody retention, they are currently 
held for five years, unless a longer time is required by contract. Records 
of C.O.C.s, sample login and job creation are maintained in SVL’s 
LIMS. LIMS files are backedup 3 times a day and electronically 
archived for five years. 

5.10 Analytical Reports 

The DCO retains photocopies of analytical reports for five years, unless 
a longer time is required by contract. Electronic copies are stored 
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within the LIMS database and are archived for seven years. Archived 
analytical reports are stored in a secured environment to protect them 
from damage. 

5.11	 Backup and Storage of Electronic Data 

5.11.1	 Electronic Data Collection: Currently the backup server is 
protected with an administrative password, which is changed 
every 6 months; it is in control of the IT Systems Analyst. 

5.11.2 Archives of Electronic Data: Data files that reside on the SVL file 
servers are backed up on a daily basis and kept onsite for 90 days: 
a full backup of the data files residing on the server is done 
monthly and sent to an offsite storage facility for 7 years. All 
software used to recover data files is also stored at the offsite 
facility. 

5.11.3 Offsite Backup Storage: A secure offsite facility is maintained to 
house the electronic data collected by the current backup system. 

6.0	 TRACEABILITY OF MEASUREMENTS 

6.1 Chemicals and Reagents 

SVL uses reagent grade or better chemicals. Some equivalent grades are 
“Fisher Trace Metals”, “Baker InstraAnalyzed”, “Baker A.C.S.”, “Baker 
Analyzed”, “Fisher A.C.S.”, and “Fisher Certified”.  SVL requires a 
certificate of analysis or purity for stock calibration standards. 

SVL records the preparation of reagents and standards in controlled 
logbooks or electronically in the LIMS. The initials of the preparer, the 
date prepared, the lot number and amount of stock materials, the final 
volume, the matrix, and the expiration date are all recorded. Preparation 
instructions are included in the SOPs for the analytical methods. 

SVL labels containers of prepared reagents and standards with their 
contents, a unique reference number, date prepared, disposal 
(expiration) date and a perceived hazard warning. 

SVL routinely obtains reference standards from commercial sources. 
These standards are used to check and document the concentration of 
calibration standards and validate method QC requirements. 
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SVL stores reagents and standards separately from samples. 

6.2	 Water 

The primary reagent water in the laboratory is furnished by a reverse 
osmosis system followed by a micropore filter with an ionexchange 
resin cartridge. This satisfies the specifications of ASTM Type II water. 
When Type I (16.67 MΩcm) water is required, SVL uses a four
cartridge ionexchange system. SVL measures and records the resistivity 
and conductivity of the laboratory water each weekday. 

7.0	 TEST METHODS 

7.1	 Analyses Performed by SVL 

SVL routinely performs the following analytical methods. 

ANALYTE METHOD TECHNIQUE 
Aluminum EPA 200.7, SW846 6010B ICP 

Antimony EPA 200.7, SW846 6010B ICP 

Antimony EPA 200.8, SW846 6020 ICPMS 

Arsenic EPA 200.7, SW846 6010B ICP 

Arsenic EPA 200.8, SW846 6020 ICPMS 

Barium EPA 200.7, SW846 6010B ICP 

Barium EPA 200.8, SW846 6020 ICPMS 

Beryllium EPA 200.7, SW846 6010B ICP 

Beryllium EPA 200.8, SW846 6020 ICPMS 

Boron EPA 200.7, SW846 6010B ICP 

Boron EPA 200.8, SW846 6020 ICPMS 

Cadmium EPA 200.7, SW846 6010B ICP 

Cadmium EPA 200.8, SW846 6020 ICPMS 

Calcium EPA 200.7, SW846 6010B ICP 

Chromium EPA 200.7, SW846 6010B ICP 

Chromium EPA 200.8, SW846 6020 ICPMS 

Chromium, Hexavalent ASTM D-1687, SM 3500 CR D Colorimetry 

Cobalt EPA 200.7, SW846 6010B ICP 

Cobalt EPA 200.8, SW846 6020 ICPMS 

Copper EPA 200.7, SW846 6010B ICP 

Copper EPA 200.8, SW846 6020 ICPMS 

Gallium EPA 200.7, SW846 6010 ICP 

Gold EPA 231.2 GFAA 

Iron EPA 200.7, SW846 6010B ICP 

Lanthanum EPA 200.7, SW846 6010B ICP 

Lead EPA 200.7, SW846 6010B ICP 

Lead EPA 200.8, SW846 6020 ICPMS 

Lithium EPA 200.7, SW846 6010B ICP 
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ANALYTE METHOD TECHNIQUE 
Magnesium EPA 200.7, SW846 6010B ICP 

Manganese EPA 200.7, SW846 6010B ICP 

Manganese EPA 200.8, SW846 6020 ICPMS 

Mercury EPA 245.1, SW846 7470A, 7471A CVAA 

Molybdenum EPA 200.7, SW846 6010B ICP 

Molybdenum EPA 200.8, SW846 6020 ICPMS 

Nickel EPA 200.7, SW846 6010B ICP 

Nickel EPA 200.8, SW846 6020 ICPMS 

Potassium EPA 200.7, SW846 6010B ICP 

Scandium EPA 200.7, SW846 6010B ICP 

Selenium SM 3114C Hydride AA 

Selenium EPA 200.7, SW846 6010B ICP 

Selenium EPA 200.8, SW846 6020 ICPMS 

Silica EPA 200.7 ICP 

Silver EPA 200.7, SW846 6010B ICP 

Silver EPA 200.8, SW846 6020 ICPMS 

Sodium EPA 200.7, SW846 6010B ICP 

Strontium EPA 200.7, SW846 6010B ICP 

Thallium EPA 200.7, SW846 6010B ICP 

Thallium EPA 200.8, SW846 6020 ICPMS 

Tin EPA 200.7, SW846 6010B ICP 

Titanium EPA 200.7, SW846 6010B ICP 

Uranium EPA 200.8 ICPMS 

Vanadium EPA 200.7, SW846 6010B ICP 

Vanadium EPA 200.8, SW846 6020 ICPMS 

Zinc EPA 200.7, SW846 6010B ICP 

Zinc EPA 200.8, SW846 6020 ICPMS 

Acidity SM 2310 B Automated Titration 

Alkalinity SM 2320 B Automated Titration 

Ammonia EPA 350.1 Automated Colorimetry 

Bromide EPA 300.0 Ion Chromatography 

Chemical Oxygen Demand EPA 410.4 Colorimetry 

Chloride EPA 300.0 Ion Chromatography 

Color SM 2120 B Colorimetry 

Conductivity EPA 120.1 Wheatstone Bridge 

Corrosivity SM 2330 B Langelier Index 

Cyanide, Total EPA 335.4, SW 846 9012B Automated Colorimetry 

Cyanide, Free SM 4500 CN (F) Ion Specific Electrode 

Cyanide, WAD SM 4500 CN I Automated Colorimetry 

Cyanide, Available OIA 1677 Amperometry 

Fluoride EPA 300.0 Ion Chromatography 

Hardness SM 2340B, Ca as CaCO3 by 200.7 ICP Sum 

Ignitability SW846 1010 Pensky-Martens 

Nitrate EPA 300.0 Ion Chromatography 

Nitrate + Nitrite EPA 353.2 Automated Colorimetry 

Nitrate + Nitrite EPA 300.0 Ion Chromatography 

Nitrite EPA 300.0 Ion Chromatography 

Nitrite EPA 353.2 Automated Colorimetry 

Odor SM 2150B Sniff Panel 

ortho-Phosphate SM 4500 P E, 300.0 Colorimetry, IC 
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ANALYTE METHOD TECHNIQUE 
pH (aqueous) SM 4500-H

+ 
B Electrometric 

pH (soil) EPA 9045C, EPA 9045D Electrometric 

Paste pH ASA Monograph 9 Electrometric 

Phosphate, Total SM 4500 P E Persulfate Digestion 

Residue, Filterable (TDS) SM 2540 C Gravimetric 

Residue, Non Filterable 
(TSS) SM 2540 D Gravimetric 

Settleable Solids SM 2540 F Volumetric 

Specific Conductance EPA 120.1, SM 2510 B Wheatstone Bridge 

Sulfate EPA 300.0 Ion Chromatography 

Sulfide SM 4500 S
-2 

F Titrimetric 

Surfactants (MBAS) SM 5540 C Colorimetry 

Total Solids SM 2540 B Gravimetric 

Total Kjeldahl Nitrogen EPA 351.2, SM 4500 NH3D Colorimetry 

Total Organic Carbon SM 5310 B Combustion 

Total Volatile Solids EPA 160.4 Gravimetric 

Turbidity EPA 180.1 Nephelometric 

TCLP (Toxicity 
Characteristic Leaching) SW846 1311 Extraction 

SPLP (Synthetic 
Precipitation Leaching) SW846 1312 Extraction 

STLC (Soluble Threshold Limit Concentration) Extraction 

MWMP (Meteoric Water 
Mobility) ASTM E2242-02 Extraction 

CA-WET (California Waste 
Extraction Test) Extraction 

CEC (Cation Exchange 
Capacity) SW846 9081 

Textural Analysis (Particle 
Size) ASA “Methods of Soil Analysis” Number 9, Part 1 

Specific Gravity Displacement 

TOM/TOC USDA, HB60(24) 

ANP 
(Acid Neutralization Potential) Titration 

ABA 
(Acid Base Account) ASTM E1915-05 LECO 

Total Sulfur + Sulfur Forms ASTM E1915-05 LECO 

Total Carbon ASTM E1915-05 LECO 

Arsenic Speciation K.S. Subramanian et al. Graphite Furnace 

Iron Speciation HACH-8146 Colorimetry 

TKN ASA “Methods of Soil Analysis” 
Number 9 

Gradation Sieving 

Loss on Ignition Soil & Plant Analysis Council Gravimetric 

Percent Silica ASTM 2795 Colorimetry 

Tot Suspended Particulates 40CFR 50, App B amend 12/6/82 Gravimetric 

Flash Point SW-846 1010, ASTM D93-80 Closed Cup 
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7.2 References 

Methods for Chemical Analysis of Water and Wastes, revised March 
1983, EPA600/479020. 

Methods for the Determination of Metals in Environmental Samples 
Supplement I, EPA/600/R94/111, May 1994 

Methods for the Determination of Inorganic Substances in 
Environmental Samples, EPA/600/R93/100, August 1993 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods 
(SW 846), Third Edition, Update III, December 1996. 

Standard Methods for the Examination of Water and Wastewater, 18th 

Edition, 1992 

Standard Methods for the Examination of Water and Wastewater, 19th 

Edition, 1995 

Standard Methods for the Examination of Water and Wastewater, 20th 

Edition, 1999 

ASTM Book of Standards, part 31 

Soil Testing and Plant Analysis, 3rd Edition, Soil Sciences Society of 
America, 1990 

American Society of Agronomy, “Methods of Soil Analysis” Number 9, 
Parts 1 and 2 

U.S. Department of Agriculture, Handbook #60 

U.S. Department of the Interior, Bureau of Reclamation, Procedure for 
Determining Moisture, Ash, and Organic Content of Soil, USBR 5430
89 

8.0 NEW WORK 

The Business Development group discusses new work with clients before the 
work is received. If the work being requested involves tests not usually 
performed by SVL, the project is discussed with Department Supervisors to 
determine if the work can be accepted. Occasionally SVL receives a work 
order with no prior notification that requests unusual tests, or tests to be 
conducted in a time frame not suitable for the work requested. When this 
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occurs, the Sample Control Officer reviews the job with Client Services and/or 
Department Supervisors to determine if the work can or should be accepted. 
Routine work from established clients normally is not reviewed with the clients 
before jobs are set up, unless there is a problem with sample integrity or 
information on the ChainofCustody. 

SVL reviews and makes available to the LIMS, a client’s requested work order. 
A schedule can be derived for the work that has been received; this allows the 
staff to plan workloads and to track jobs. A Laboratory/Technical Director or 
Client Services member shall review all work orders. Adjustments to work 
schedules and staff deployment are made based upon the workload. 
Department Supervisors keep equipment and supplies on hand for routine 
work and for many nonroutine tests as well. 

8.1	 Sample Acceptance Policy 

8.1.1	 Samples received at SVL will be accepted for testing if the 
following criteria are met at the time of sample receipt: 

A proper SVL or client Chain of Custody will accompany the 
sample shipment and must be completed in full, including but not 
limited to; the client’s name, address, phone/fax numbers, 
contact person, unique sample identification of individual 
samples, sample locations (if applicable), date and time of 
collection, collector’s name, preservative type, sample matrix, 
filtered or unfiltered, number of bottles, analytes and/or tests to 
be performed, method of analysis, and any comments concerning 
sample specifics or QC requirements. 

The use of correct sample containers (with proper preservation) 
for the sample matrices collected and ensuring that sufficient 
sample volume is provided for the tests requested (including extra 
volumes for QC requirements). 

Accurate labeling of sample bottles using coded, water resistant 
labels and permanent ink, with said labels being cross referenced 
with information contained in the Chain of Custody. 

Adherence to holding time requirements as required by test or 
method requested. 
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8.1.2	 In the event that a sample is received in noncompliance with this 
policy, the sample in question will be segregated and the client 
notified by telephone or email. The client may direct SVL to 
continue on with analysis of the nonconforming sample(s). 
Nonconformity will be noted on the Sample Receipt/Chain of 
Custody and within the Final Report. 

8.1.3	 New clients will be informed of this policy through Client 
Services or Sample Receiving. They will be provided with a copy 
of the Quality Manual (hard bound or electronically) or a hand 
out on sample acceptance (located in SVL’s waiting room or in 
Sample Receiving). 

Current clients will receive these notices if they bring in samples 
that do not meet SVL’s requirements. 

9.0	 CALIBRATION 

9.1 Thermometers 

Calibrating thermometers is described in SOP SVL 1004. 

An outside company calibrates SVL’s NISTcertified thermometers. 

SVL calibrates inhouse liquidinglass thermometers against a NIST
certified thermometer. Digital thermometers are calibrated against a 
NISTcertified thermometer. The thermometers are then labeled with a 
correction factor. 

9.2 Balances 

Servicing and calibrating balances is described in SOP SVL 1025. 

An outside company services and calibrates SVL’s balances. 

SVL checks the calibration of a balance before each day of use with at 
least two weights traceable to a NIST traceable standard. For analytical 
balances, the measured weight must agree with the certified weight 
within 0.1%. Balances that fail the criterion are checked with Class1 
weights. If they still fail, they are removed from service. 
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9.3 Balance Weights 

Calibrating balance weights is described in SOP SVL 1025. 

An outside company calibrates SVL’s set of Class1 weights, with 
Reference Standards Traceable to NIST. 

SVL uses Class1 weights to certify the Class4 weights used for the 
daily calibration of balances. 

9.4 Micropipets 

The calibration of micropipets is described in SVL SOP 1026. 

SVL checks the calibration of variablevolume micropipets each day of 
use. Fixedvolume micropipets are checked quarterly. The mean of 
three measured volumes must agree with the expected value within 3%. 
Micropipets that fail this criterion are repaired or removed from service. 

9.5 Repipettors 

The calibration of repipettors is described in SVL SOP 1026. 

SVL checks the calibration of repipettors quarterly. The measured 
volume must agree with the expected value within 3%. Repipettors that 
fail this criterion are repaired or removed from service. 

9.6 Refrigerators 

SVL records the temperature of sample, standard, and reagent storage 
refrigerators each weekday. The process is described in SVL SOP 2004. 
The temperature must lie in between 0º and 6ºC. If a temperature is 
outside this criterion, the temperature is recorded again after one hour. 
If the temperature is still outside the acceptance range, samples, 
standards, and reagents are transferred to alternate refrigerators or 
coolers. 

9.7 Ovens 

SVL records the temperature of ovens for drying solids each weekday. 
The required temperature is stated in the applicable SOP. 
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9.8 Inductively Coupled Plasma Mass Spectrometer (ICPMS)
 

SVL calibrates its ICPMS in accordance with EPA methods 200.8 and 
6020. Five calibration standards and a calibration blank are analyzed at 
the beginning of a sequence. The software creates a linear calibration 
curve that must have a correlation coefficient of at least 0.995. An Initial 
Calibration Verification (ICV) from a secondary source follows to verify 
the calibration. An Initial Calibration Blank (ICB) indicates the system 
is clean. Analysis of a Continuing Calibration Verification (CCV) and a 
Continuing Calibration Blank (CCB) follow after every ten samples and 
at the end of the analytical sequence. The acceptance criteria are 
defined in SOP SVL 4111. 

9.9 Inductively Coupled Plasma Spectrometer (ICP) 

SVL calibrates ICPs in accordance with EPA methods 200.7 and 6010B. 
A single calibration standard and a calibration blank are analyzed at the 
beginning of a sequence. A standard at the reporting limit is analyzed to 
verify that the instrument will detect a response at that level. An Initial 
Calibration Verification (ICV) from a secondary source follows to verify 
the calibration. An Initial Calibration Blank (ICB) indicates the system 
is clean. Analysis of a Continuing Calibration Verification (CCV) and a 
Continuing Calibration Blank (CCB) follow after every ten samples and 
at the end of the analytical sequence. The acceptance criteria are 
defined in SOP SVL 4102. 

9.10 Graphite Furnace Atomic Absorption Spectrometer (GFAA) 

SVL calibrates it’s GFAA in accordance with EPA method 231.2. for 
gold and K.S. Subramanian et al. for arsenic speciation. Three 
calibration standards and a calibration blank are analyzed at the 
beginning of a sequence. PerkinElmer instruments create a linear 
calibration curve that must have a correlation coefficient of at least 
0.995. An Initial Calibration Verification (ICV) from a secondary source 
follows to verify the calibration. An Initial Calibration Blank (ICB) 
indicates the system is clean. Analysis of a Continuing Calibration 
Verification (CCV) and a Continuing Calibration Blank (CCB) follow 
after every ten samples and at the end of the analytical sequence. The 
acceptance criteria are defined in SOP SVL 4115. 

9.11 Mercury Analyzer (CVAA) 

SVL calibrates its CVAA in accordance with EPA methods 245.1, 
7470A, and 7471A. Six calibration standards and a calibration blank are 
analyzed at the beginning of a sequence. The instrument creates a linear 
calibration curve that must have a correlation coefficient of at least 

19 



   

                  
                    
                   

                 
                      
                 

           

               
 

       

                    
                  

           
             

                 
                  

                   
                   

                      
   

         

                   
                 
             

                
                 
                

             
                  

               
                    

                 
                   
                    
                         

     

 

0.995. An Initial Calibration Verification (ICV) from a secondary source 
follows to verify the calibration. An Initial Calibration Blank (ICB) 
indicates the system is clean. Analysis of a Continuing Calibration 
Verification (CCV) and a Continuing Calibration Blank (CCB) follow 
after every ten samples and at the end of the analytical sequence. The 
acceptance criteria are defined in SOP SVL 4010. 

9.12 Flame Atomic Absorption Spectrometer (FLAA) 

SVL calibrates FLAAs in accordance with analytical method 
requirements. 

9.13 Ion Chromatograph (IC) 

SVL calibrates ICs in accordance with EPA method 300.0. Five 
calibration standards and a calibration blank are analyzed. The 
instrument creates a linear or quadratic calibration curve that must have 
a correlation coefficient of at least 0.995 An Initial Calibration 
Verification (ICV) from a secondary source follows to verify the 
calibration. An Initial Calibration Blank (ICB) indicates the system is 
clean. A Continuing Calibration Verification (CCV), and a Continuing 
Calibration Blank (CCB) follow after every ten samples and at the end 
of the analytical sequence. The acceptance criteria are defined in SOP 
SVL 4122. 

9.14 FlowInjection Auto Analyzer (FIA) 

SVL calibrates FIAs in accordance with EPA methods 335.4 (Total 
Cyanide), 350.1 (Ammonia), 353.2 (Nitrate and Nitrite), 9012B (Total 
Cyanide), and Standard Methods 4500CNI (WAD Cyanide), and 
method OI 1677 (Amperometric Cyanide). A minimum of five 
calibration standards and a calibration blank are analyzed at the 
beginning of each analytical sequence. The instrument software creates 
a linear or quadratic calibration curve that must have a correlation 
coefficient of at least 0.995. A Laboratory Control Sample (LCS) and an 
Initial Calibration Verification (ICV) from a secondary source verifies 
the calibration curve. An Initial Calibration Blank (ICB) indicates the 
system is clean. Analysis of a Continuing Calibration Verification 
(CCV) and a Continuing Calibration Blank (CCB) follow after every ten 
samples and at the end of the analytical sequence. The acceptance 
criteria are defined in SOPs SVL 4012, SVL 4099, SVL 4048, SVL 4075, 
and SVL 4101. 
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9.15 Total Organic Carbon Analyzer (TOC) 

SVL calibrates TOC analyzers in accordance with SM 5310 B. Three 
calibration standards for total carbon and three calibration standards for 
inorganic carbon are analyzed to prepare a calibration curve that must 
have a correlation coefficient of at least 0.995. A Continuing Calibration 
Verification (CCV) is analyzed at the beginning of each analytical 
sequence, after every ten samples and at the end of the analytical 
sequence. The acceptance criteria are defined in SOP SVL 4116. 

9.16 UV/Visible Spectrophotometers (UV/VIS) 

SVL calibrates its UV/Visible spectrophotometer in accordance with 
the applicable published methods. A minimum of three calibration 
standards and a calibration blank are analyzed at the beginning of each 
analytical sequence. The calibration curve must have a correlation 
coefficient of at least 0.995. 

9.17 pH and Ion Selective Electrode Meters (ISE) 

SVL calibrates pH and ISE meters in accordance with the applicable 
published methods. For TKN, SVL uses an Excel spreadsheet to create 
a calibration curve of potential (mV) versus log of concentration. 

10.0 SAMPLING, SAMPLE RECEIVING, AND STORAGE 

10.1 Sampling 

SVL does not conduct sampling. Sampling procedures and 
contamination in the field are beyond SVL’s control. SVL recommends 
the following procedures to its clients. 

Sample preservation is critical for sample integrity. Chemical and 
biological reactions may occur that begin to change some chemical 
species upon sample collection. Unfortunately, for most samples, 
immediate analysis is neither economically feasible nor logistically 
possible. Although no chemical preservative exists that is valid for every 
parameter, SVL strongly recommends the preservation methods, 
container type, sample size and estimated maximum holding times for 
collection of water and wastewater samples summarized in Table 1. 
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Solid samples are best preserved by cooling the sample to a range 
between 0 and 6 C°. 

Table 1 

Analysis 

Volume 
Required 

(mL) Container Preservative Holding Time 

Color 50 P,G Cool to ≤ 6 °C 48 Hours 

Conductance 100 P,G Cool to ≤ 6°C 28 Days 

Hardness 100 P,G HNO3 to pH<2 6 Months 

Odor 200 G only Cool to ≤ 6°C 24 Hours 

pH 25 P,G None Required * ASAP 

Temperature 1000 P,G None Required * ASAP 

Turbidity 100 P,G Cool to ≤ 6 °C 48 Hours 

Filterable Residue (TDS) 100 P,G Cool to ≤ 6 °C 7 Days 

Non-Filterable Residue (TSS) 100 P,G Cool to ≤ 6 °C 7 Days 

Total Residue 100 P,G Cool to ≤ 6 °C 7 Days 

Volatile Residue 100 P,G Cool to ≤ 6 °C 7 Days 

Settleable Matter 1000 P,G Cool to ≤ 6 °C 48 Hours 

Dissolved Metals 200 P,G 
Filter on site; 

HNO3 to pH<2 
6 Months 

Total Metals 100 P,G HNO3 to pH<2 6 Months 

Chromium (VI) 200 P,G Cool to ≤ 6 °C 24 Hours 

Mercury, Dissolved 100 P,G 
Filter; 

HNO3 to pH<2 
28 Days 

Mercury, Total 100 P,G HNO3 to pH<2 28 Days 

Acidity 100 P,G Cool to ≤ 6 °C 14 Days 

Alkalinity 100 P,G Cool to ≤ 6 °C 14 Days 

Bromide 100 P,G None Required 28 Days 

Chloride 50 P,G None Required 28 Days 

Cyanide 500 P,G 
Cool to ≤ 6 °C; 
NaOH to pH>12 

14 Days 

Fluoride 300 P None Required 28 Days 

Ammonia 400 P,G 
Cool to ≤ 6 °C 
H2SO4 to pH<2 

28 Days 

Total Kjeldahl Nitrogen 500 P,G 
Cool to ≤ 6 °C 
H2SO4 to pH<2 

28 Days 

Nitrate plus Nitrite 100 P,G 
Cool to ≤ 6 °C 
H2SO4 to pH<2 

28 Days 

Nitrate 100 P,G Cool to ≤ 6 °C 48 Hours 

Nitrite 50 P,G Cool to ≤ 6 °C 48 Hours 
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Analysis 

Volume 
Required 

(mL) Container Preservative Holding Time 

Ortho-Phosphate Dissolved 50 P,G 
Filter on site; 
Cool to ≤ 6 °C 

48 Hours 

Total Phosphate 50 P,G 
Cool to ≤ 6 °C; 
H2SO4 to pH<2 

28 Days 

Total Dissolved Phosphate 50 P,G 
Filter on site; 

Cool to ≤ 6 °C; 
H2SO4 to pH<2 

28 Days 

Silica 50 P only Cool to ≤ 6 °C 28 Days 

Sulfate 50 P,G Cool to ≤ 6 °C 28 Days 

Sulfide 500 P,G 

Cool to ≤ 6 °C 
add 2 mL zinc 
acetate plus 

NaOH to pH>9 

7 Days 

COD 50 P,G 
Cool to ≤ 6 °C 
H2SO4 to pH<2 

28 Days 

Total Organic Carbon 25 P,G 
Cool to ≤ 6 °C 

H2SO4 or HCl to 
28 Days 

Phenolics 500 G only 
Cool to ≤ 6 °C 
H2SO4 to pH<2 

28 Days 

MBAS 250 P,G Cool to ≤ 6 °C 48 Hours 

*	 pH and Temperature should be measured in the field whenever possible. They 
are subject to rapid change. Measurements of pH and Temperature made in 
the laboratory will almost always be out of holding time. 

SVL has formed alliances with other laboratories for the analysis of organic 
parameters. The recommended containers and preservatives are 

Analysis 
Amount 

Required Container Preservative 

Holding Time 
Until 

Extraction 

Holding Time 
After Extraction 
Until Analysis 

Mercury, Low Level**
 524.2 (Volatile Organic 
Compounds) 

3x40mL vials G,T 
Cool to ≤ 6 °C; HCl 

to pH<2 
14 days NA 

608 (Pesticides and/or PCBs) 3 L amber G,T Cool to ≤ 6 °C 7 days 40 days 

624 (Volatile Organic 
Compounds) 

3x40mL vials G,T 
Cool to ≤ 6 °C; HCl 

to pH<2 
14 days NA 

625 (Semi-volatile Organic 
Compounds) 

3 L amber G,T Cool to ≤ 6 °C 7 days 40 days 

1664 Hexane Extractable 
Materials 

2L G only 
Cool to ≤ 6 °C 

H2SO4 

or HCl to pH<2 

28 days NA 

8081A (Pesticides) 
8 oz (soil) 

1L (aqueous) 
amber G,T Cool to ≤ 6 °C 

14 days 
7 days 

40 days 
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Analysis 
Amount 

Required Container Preservative 

Holding Time 
Until 

Extraction 

Holding Time 
After Extraction 
Until Analysis 

Mercury, Low Level** 

8082 (PCBs) 
8 oz (soil) 

1 L 
(aqueous) 

G,T Cool to ≤ 6 °C 
14 days 
7 days 

40 days 

8260B (Volatile Organic 
Compounds) 

4 oz (soil) 
3x40mL (aq) 

G,T 
Cool to ≤ 6 °C; HCl 

to pH<2 
14 days NA 

8270C (Semi-volatile Organic 
Compounds) 

8 oz (soil) 
1 L 

(aqueous) 
amber G,T Cool to ≤ 6 °C 14 days 40 days 

8015 (TPH-Gasoline) 
4 oz (soil) 

3x40 mL (aq) 
amber G,T 

Cool to ≤ 6 °C; HCl 
to pH<2 

14 days 35 days 

8015AZ *** 8 oz (soil) G,T Cool to ≤ 6 °C 48 hours 
14 days for 

extraction and 
analysis 

8260BAZ*** 
4 oz (soil) 

G,T Cool to ≤ 6 °C 48 hours NA 

8015 (TPH-Diesel Motor Oil) 
1 L (aq) 

8 oz (soil) 
amber G,T 

Cool to ≤ 6 °C: HCl 
to pH<2 

14 days 40 days 

** Call for sampling and hold time requirements.
 
*** TPH 8015AZ and 8260AZ (soils) have a 48 hour hold time before extraction.
 

10.1 Sampling Cont’d 

Field blanks allow for identification of systematic and random sample 
contamination that may result from the sampling equipment, storage 
containers, sampling agents, or chemicals added to preserve samples. 
Field blanks consist of a sample container of distilled or deionized water 
with the appropriate chemical preservative. Preservation, filtration, 
storage, handling, and analysis are performed as if the field blanks were 
samples. To achieve accurate and meaningful data, field blank 
containers should be filled with analytefree water and the appropriate 
preservative at the sampling site. 

Sources of sample contamination include unclean sample containers and 
filters; impure solvents and reagents; and use of cleaning products 
inappropriate for the proposed analysis. Hair, tobacco smoke, and dust 
also are appreciable sources of contamination, so sampling should be 
conducted in as careful a manner as possible. 

Before filtering samples for dissolved parameters, the filter paper should 
be rinsed with deionized or distilled water and with a small portion of 
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sample. The filtration apparatus should also be rinsed with deionized 
or distilled water between samples. Handle filter paper only on the 
edge, using appropriate forceps (plastic for trace metals analysis). 

Use the proper sample container for the parameter specified. Samples 
for trace metals analysis must not come into contact with any metallic 
surface; samples for organic analysis must not come into contact with 
any plastic surface. 

Sampling personnel should complete a chainofcustody form that 
documents sample identification, sampling date and time, matrix type, 
number of sample containers, type of preservation, whether samples 
have been filtered, and the parameters to be analyzed. 

10.2 Sample Receiving and Storage 

SOPs SVL 2001, SVL 2003, and SVL 2004 describe sample receiving, 
job creation, and sample storage, respectively. 

SVL takes a temperature reading for sample shipping containers 
(coolers) upon receipt and opening. Each sample is checked for visible 
damage and the presence of an intact custody seal. SVL gives each 
group of samples a unique job number (e.g., "100001"). This job 
number remains with the samples throughout the analytical process. 
Each sample is assigned a unique, sequential identification number. 
Samples are labeled with a bar code (containing sample and job 
numbers) before being stored in a secure area. 

Samples that require refrigeration are stored in walkin coolers (which 
are kept between 0ºC and 6°C), except during times of sample 
preparation or analysis. Samples that do not require refrigeration are 
stored in a sample storage annex. The laboratory does not refrigerate 
soil samples that were received without refrigeration. Samples are 
retained by SVL for a minimum of 30 days (or longer if required by the 
client) after a data report is issued to the client. At the end of the 
specified period, samples are returned to the client or discarded in an 
appropriate manner. 

Analysts use the LIMS to provide a custody log of sample movement 
during preparation and analysis. Analysts are responsible for logging the 
samples in to their custody. They assume accountability for the 
sample(s) while they are in their possession. When use of the sample is 
complete, analysts must scan samples back into the appropriate home 
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location or another analyst may assume custody by scanning/logging the 
sample into their possession in the LIMS. 

10.3	 Subsampling 

Subsampling is described in SOP SVL 2018. 

10.4	 Sample Disposal and Hazardous Waste 

Procedures for sample disposal are described in SOP SVL 1001. 
Disposal procedures follow federal and state regulatory requirements. 
SVL’s hazardous waste program is described in SOP SVL 1008. 

11.0 EQUIPMENT AND INSTRUMENTS 

SVL uses the following instruments to generate analytical data and to calibrate 
other instruments. 

11.1	 SVL performs instrument maintenance as recommended by the 
manufacturer. SVL maintains service contracts with vendors for its 
major analytical instrumentation. Maintenance logbooks are kept to 
provide a record of major and minor repairs; as well as, preventative 
maintenance. 

11.2	 The analysts and supervisors will determine if a repair has created a need 
to update instrument MDLs, linear ranges, calibrations etc. 

INSTRUMENT MANUFACTURER MODEL SERIAL NUMBER 

Spectrometer (ICP-MS) Perkin-Elmer ELAN 5000 W0660402 

ICP-MS Auto Sampler ESI SCFAST X2-070106 

Spectrometer (ICP) Optima 1 Perkin-Elmer Optima 4300 077N0061602 

Spectrometer (ICP) Optima 5 Perkin-Elmer Optima 5300 077N5011902 

Spectrometer (ICP) Optima 6 Perkin-Elmer Optima 5300 077N6062101 

Spectrometer (ICP) Optima 7 Perkin-Elmer Optima 5300 077C8011601 

ICP Auto Sampler ESI SCFAST X2-060502 

Atomic Absorption Spectrometer 
with Graphite Furnace Perkin-Elmer Analyst 600 601S3090501 

Atomic Absorption Spectrometer 
with Vapor Generation Assembly Varian AA 55B EL03048142 

Atomic Absorption Spectrometer 
with Vapor Generation Assembly Varian SpectrAA 20 9101123 

Mercury Analyzer with 
Autosampler CETAC M-6000A 029907MAS 
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INSTRUMENT MANUFACTURER MODEL SERIAL NUMBER 

Ion Chromatograph Dionex ICS90 4090417 

Ion Chromatograph Dionex DX-100 921517 

Ion Chromatograph Dionex 4000i 14421 

Automated Flow Analyzer with 
Autosampler Alpkem FS3000 843-1604-758 

Micro Distillation unit Lachat ID 001 A2000-828 

MIDI Distillation Units BSL 

Ammonia Distillation Unit Andrews Glass 

Ammonia/N analyzer Astoria Pacific A2 200104 

Auto sampler Astoria Pacific W311 4632A11096 

Auto Titrator with Autosampler Metrohm Titrino 751GPD 1751.0010.08208 

Auto Titrator with Autosampler Metrohm Titrino 809 Titrando 18090010-07108 

UV/Visible Spectrophotometer Genesys 10 205G261004 

UV/Visible Spectrophotometer Spectronic 501 0283085 

Turbidimeter Hach 2100 95041453 

COD Reactor Hach COD 930900009554 

COD Reactor Hach COD 971100016584 

pH/Ion Meter Corning 450 1246 

pH/Ion Meter Corning 150 2173 

Ion Meter Thermo 9606BNWP 

pH Meter Accumet AB15 AB92314557 

pH Meter Thermo Symphony SB20 6081 

pH Meter Thermo Symphony SB20 5712 

pH Meter Beckman 224148 

Dissecting Microscope Nikon 104 

Polarizing Microscope Nikon 106 

Conductance Meter Accumet 35636-30 AB 92315548 

Elemental Analyzer LECO SC632 3208 

Elemental Analyzer LECO SC444 3616 

Carbon Analyzer (TOC) Shimadzu TOC-5000A 3701168A 

Carbon/Nitrogen Analyzer (TOC) Shimadzu TOC-VCSH-N 37401162 

Semi-Micro Balance Mettler AE-240 K89952 

Semi-Micro Balance Mettler AE-240 G43270 

Filter Balance Mettler AJ100 N09817 

Analytical Balance Sartorius AC121S 41007209 

Analytical Balance Ohaus Explorer F2221120252601 

Analytical Balance Ohaus AR2140 Adventurer H2131203121033P 

Analytical Balance Ohaus AR1530 Adventurer 1203200181P 

Analytical Balance Ohaus N1D110 Navigator 1122352966 

Analytical Balance Ohaus AS 513 8028301193 

Thermometer HBI 68ºC to 86ºC 4B1321 

Thermometer Ertco -20ºC to 110ºC 5283 

Thermometer Ertco 0º C to 202ºC I94-245 
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12.1	 SVL is an analytical laboratory specializing in the performance of tests 
and methods used in the characterization of environmental and mining 
samples. Since 1972, SVL has analyzed water, soil, sediment, sludge, oil, 
paint, rock, animal tissue, vegetation, air filters, and other sample types. 
SVL occupies a modern 25,000 square foot laboratory facility 
architecturally designed and specifically organized to ensure efficient 
operation and meet the needs of a large capacity analytical laboratory. 
Building access, security and safety features have been carefully 
considered. Access through the outside laboratory entrance and to 
internal areas is limited to laboratory staff and other essential personnel. 
Visitors are escorted during their stay at SVL. 

13.0	 STANDARD OPERATING PROCEDURES 

SVL performs work in accordance with the requirements of its SOPs. SVL’s 
SOPs are listed below and describe all aspects of its work performance 
including Safety and Quality Assurance (1000 Series), Sample and Document 
Management (2000 Series) and Inorganic Analysis (4000 Series). 

SOP NUMBER DESCRIPTION 

SVL 1001 SAMPLE DISPOSAL 

SVL 1002 WRITING AND REVISING STANDARD OPERATING PROCEDURES 

SVL 1004 CALIBRATING THERMOMETERS 

SVL 1005 INTERNAL QUALITY ASSURANCE AUDITS 

SVL 1007 SOIL STERILIZATION 

SVL 1008 DISPOSAL OF HAZARDOUS WASTE 

SVL 1010 TRAINING 

SVL 1011 PERFORMING AN MDL STUDY 

SVL 1015 PROCUREMENT, RECEIVING, AND SUBCONTRACTING 

SVL 1017 RECORDS RETENTION AND PROTECTION 

SVL 1019 CORRECTIVE ACTION 

SVL 1020 CALIBRATION FOR ANALYTICAL METHODS 

SVL 1021 MANUAL INTEGRATION 

SVL 1022 IN-HOUSE ACCEPTANCE LIMITS,CONTROL CHARTS AND TRENDING 

SVL 1023 SOFTWARE VERIFICATION 

SVL 1025 CALIBRATING BALANCES 

SVL 1026 CALIBRATING MICROPIPETS, REPIPETTORS, AND GLASSWARE 

SVL 1027 CLIENT SERVICES 

SVL 1028 CALCULATIONS FOR ANALYTICAL METHODS 

SVL 1029 PERFORMANCE TESTING SAMPLES 
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SOP NUMBER DESCRIPTION 

SVL 1030 INITIAL, PERIODIC AND AFTER-MAINTENENANCE CHECKS 

SVL 1031 COMPUTER AND INFORMATION SECURITY POLICY 

SVL 2001 SAMPLE RECEIVING 

SVL 2003 SVL JOB CREATION 

SVL 2004 SAMPLE STORAGE AND SECURITY 

SVL 2006 DATA CORRECTIONS 

SVL 2007 CASE FILE ASSEMBLY 

SVL 2007
ILMO5.4 

CASE FILE ASSEMBLY ILOM5.4 

SVL 2009 DATA REVIEW 

SVL 2013 DATA PACKAGE PRODUCTION 

SVL 2015 LEVEL 3 – CLP DATA PACKAGE 

SVL 2017 LOGBOOK CONTROL 

SVL 2018 PREPARATION AND SUBSAMPLING OF EARTH, ROCK, AND TISSUE SAMPLES 

SVL 4010 DETERMINATION OF MERCURY (CVAA) 

SVL 4010
ILMO5.4 

DETERMINATION OF MERCURY (CVAA) BY ILMO5.4 

SVL 4012 TOTAL CYANIDE BY MIDI DISTILLATION FOLLOWED BY AUTOMATED COLORIM 

SVL 4012
ILMO5.4 

TOTAL CYANIDE BY MIDI DISTILLATION FOLLOWED BY ILMO5.4 

SVL 4013 GLASSWARE WASHING FOR CLASSICAL CHEMISTRY AND TRACE METALS 

SVL 4021 FILTER DIGESTION 

SVL 4022 PERCENT SOLIDS/PERCENT MOISTURE 

SVL 4024 COLOR 

SVL 4025 CONDUCTIVITY 

SVL 4026 TURBIDITY (METHOD 180.1) 

SVL 4028 PH 

SVL 4029 SPECIFIC GRAVITY 

SVL 4031 ACIDITY 

SVL 4032 SULFIDES BY TITRATION 

SVL 4034 TOTAL DISSOLVED SOLIDS AND SUSPENDED SOLIDS 

SVL 4035 TOTAL AND VOLATILE SOLIDS 

SVL 4037 METHYLENE BLUE ACTIVE SUBSTANCES 

SVL 4040 TOTAL PHOSPHORUS (AQUEOUS SAMPLES) 

SVL 4042 ORTHO-PHOSPHATE (AS P) 

SVL 4043 CHEMICAL OXYGEN DEMAND 

SVL 4044 TOTAL ORGANIC MATTER 

SVL 4045 TOTAL KJELDAHL NITROGEN 

SVL 4048 NITRATE/NITRITE AS N: AUTOMATED CADMIUM RE REDUCTION 

SVL 4049 CATION EXCHANGE CAPACITY BY METHOD 9081 
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SOP NUMBER DESCRIPTION 

SVL 4056 FREE CYANIDE BY METHOD 4500-CN F 

SVL 4060 LOSS ON IGNITION (SVL METHOD) 

SVL 4061 
DETERMINATION OF ACID GENERATING POTENTIAL (AGP), ACID NEUTRALIZATION 
POTENTIAL (ANP), AND ACID BASE ACCOUNTING (ABA) 

SVL 4065 METEORIC WATER MOBILITY EXTRACTION 

SVL 4068 SYNTHETIC PRECIPITATION LEACHING PROCEDURE (SPLP) 

SVL 4070 TOTAL SUSPENDED PARTICULATES 

SVL 4075 
WAD CYANIDE BY MIDI DISTILLATION FOLLOWED BY SEMI-AUTOMATED 
COLORIMETRY 

SVL 4078 
SAMPLE DIGESTION FOR TOTAL METALS IN AQUEOUS SAMPLES FOR ICP-MS (EPA 
METHOD 3020A) 

SVL 4079 SAMPLE DIGESTION FOR TOTAL METALS IN AQUEOUS SAMPLES FOR ICP (3010A) 

SVL 4080 
SAMPLE DIGESTION FOR TOTAL RECOVERABLE METALS IN AQUEOUS SAMPLES 
FOR ICP (3005A) 

SVL 4081 HEXAVALENT  CHROMIUM  

SVL 4082 ARSENIC SPECIATION (ASIII AND ASV) 

SVL 4084 DETERMINATION OF ALKALINITY AND pH USING THE AUTOTITRATOR 

SVL 4093 CASSETTE FILTER DIGESTION 

SVL 4094 SAMPLE DIGESTION FOR METALS IN SOILS (EPA METHOD 3050B) 

SVL 4095 FLASHPOINT PENSKY-MARTENS CLOSED TESTER 

SVL 4096 pH DETERMINATION FOR SOILS AND PASTE 

SVL 4097 TOTAL SULFUR, TOTAL CARBON 

SVL 4099 AMMONIA BY SEMI-AUTOMATED COLORIMETRY 

SVL 4101 
ANALYSIS OF AVAILABLE CYANIDE BY FLOW INJECTION AND AMPEROMETRY 
(METHOD 1677) 

SVL 4102 
ANALYSIS OF METALS BY METHODS 6010B AND 200.7 USING THE PERKIN-ELM 
OPTIMA ICP 

SVL 4102
ILMO5.4 

ANALYSIS OF METALS BY ILMO5.4 USING THE PERKIN-ELM OPTIMA ICP 

SVL 4105 SELENIUM BY HYDRIDE 

SVL 4106 
SAMPLE DIGESTION FOR TOTAL RECOVERABLE METALS IN AQUEOUS SAMPLES 
BY ICP (200.2) 

SVL 4107 
SAMPLE DIGESTION FOR TOTAL METALS IN AQUEOUS SAMPLES BY ICP AND GFAA 
(40CFR136 APPENDIX C 9.3) 

SVL 4108 
SAMPLE PREPARATION FOR ANALYSIS OF DIRECT ANALYSIS, DRINKING 
WATER,DISSOLVED AND POTENTIALLY DISSOLVED METALS IN AQUAEOUS 
SAMPLES 

SVL 4111 ANALYSIS OF METALS BY ICPMS (METHOD 200.8) 

SVL 4111
ILMO5.4 

ANALYSIS OF METALS BY ICPMS (METHOD 200.8) BY ILMO5.4 

SVL 4112 ANALYSIS OF METALS BY ICPMS (METHOD 6020) 

SVL 4114 TOXICITY CHARACTERISTIC LEACHING PROCEDURE (TCLP) 

SVL 4116 TOTAL ORGANIC CARBON 

SVL 4118 CALIFORNIA WASTE EXTRACTION TEST (CA-WET) 
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SOP NUMBER DESCRIPTION 

SVL 4119 PREPARATION OF QC SOLUTIONS FOR METALS ANALYSIS 

SVL 4120 TOTAL NITROGEN 

SVL 4121 DETERMINATION OF THRESHOLD ODOR NUMBER (TON) SM 2150B 

SVL 4122 
INORGANIC ANIONS BY CHROMATOGRAPHY USING THE DIONEX DX 100 AND ICS
90 

SVL 4123 ASTM D-2795 AND D-3682-78 SOLID SILICA 

SVL 4124 
OPERATION OF PERKIN/ELMER GFAA: ANALYSIS OF GOLD BY GRAPHITE 
FURNACE 

13.1 Deviations 
Occasionally, a deviation from an SOP is required to generate an accurate 
result for a given test or client. This may occur when a client specifically 
requires a modification, or when the sample matrix interferes with the analysis. 
The Laboratory Director or a Department Supervisor may authorize a 
deviation. The analyst documents details of the deviation from the SOP on 
the instrument raw data printout or the job bench sheet. 

14.0 QUALITY CONTROL 

14.1 Quality Control Parameters 

SVL uses a number of quality control parameters to validate calibration, 
and to measure contamination, accuracy, and precision. Each SVL SOP 
defines the parameters required for the method being used. 

14.1.1 Blanks 

Method Blank 	 Is an aliquot of analytefree water that is put 
through all the steps of a specific method 
along with the samples. It is sometimes called 
a Laboratory Reagent Blank. 

Field Blank	 Randomly selected sample container that is 
filled with analytefree water and the 
appropriate chemical preservative in the field. 

Trip Blank	 A specific type of field blank. A trip blank is 
not opened in the field. It is a check on 
sample contamination originating from 
sample transport, shipping, and site 
conditions. 
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The acceptance criterion for a blank may be set by the published 
method or by client Data Quality Objectives (DQOs). In the 
absence of these directives, the acceptance criterion may be set at 
the reporting limit. 

14.1.2 Matrix Spike 

Is an aliquot of sample to which a known amount of analyte has 
been added prior to sample preparation or digestion. It is a 
measure of the effect of the sample matrix on the analytical 
method. It is sometimes called the “Laboratory Fortified 
Matrix”. 

The recovery is calculated by: 

% Recovery = 100 x ( MS – S ) / SA 

Where the MS = Spiked Sample Result 

S = Sample Result 

SA = Spike Added
 

The laboratory uses inhouse statistical acceptance criteria. In the 
absence of inhouse criteria, acceptance criteria for the matrix 
spike recovery may be determined by the published method, by 
client DQOs, or set at 75 to 125%, if the spike added is greater 
than some fraction of the concentration in the unspiked sample, 
specified in the appropriate SVL SOP. 

14.1.3 Analytical Spike or PostDigestion Spike 

Is an aliquot of sample to which a known amount of analyte has 
been added after sample preparation. It is a measure of the effect 
of the matrix on a digestate or extract. 

14.1.4 Laboratory Control Sample (LCS) 

Is a solution or material of known concentration that is analyzed 
to evaluate the accuracy of a method. It is sometimes called a 
Laboratory Fortified Blank. 

The laboratory uses inhouse statistical acceptance criteria. In the 
absence of inhouse criteria, acceptance criteria for the LCS may 
be determined by the published method, by the manufacturer of 
the standard, or by client DQOs. 
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14.1.5 Sample Duplicate
 

A second aliquot of a sample treated exactly the same through 
preparation and analysis. The Relative Percent Difference (RPD) 
between the values of the duplicates is a measure of the precision 
of the analytical method. 

RPD =100 x | S – D | / [(S + D)/2] 

The laboratory uses inhouse statistical acceptance criteria. In the 
absence of inhouse criteria, the acceptance criterion for the RPD 
is usually set at 20% if the concentration in the sample is greater 
than five times the reporting limit. There is no acceptance 
criterion if the sample concentration is less than five times the 
reporting limit. 

14.1.6 Matrix Spike Duplicate (MSD) 

A second matrix spike (MSD), is treated exactly the same as the 
first matrix spike (MS) through preparation and analysis. The 
RPD between the recovery values is a measure of the precision of 
the analytical method. 

RPD = 100 x | MSD – MS | / [(MSD + MS) / 2] 

14.1.7 Interference Check Sample (ICS) 

A sample with known concentrations of elements used to 
determine if the interelement correction factors of the ICP are 
valid. 

14.1.8 Initial Calibration Verification (ICV) 

A standard usually made from a different source than the 
calibration standards. It is analyzed immediately after the 
calibration to determine the validity of the calibration standards. 

14.1.9 Continuing Calibration Verification (CCV) 

A calibration standard analyzed after every ten samples, and at the 
end of an analytical sequence to verify that the calibration is still 
valid. 
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14.1.10 Initial Calibration Blank (ICB) 

A matrix matched deionized water sample ran to prove the 
system is clean with no carryover. 

14.1.11 Continuing Calibration Blank (CCB) 

A matrix matched deionized water sample ran to prove the 
system is clean with no carryover. 

14.2 Control Charts 

Control charts are created using Element (LIMS) for method blanks, 
duplicates and matrix spikes. The process is defined in SOP SVL 1022. 
A standard X bar control chart is used to plot MS and DUP RPD 

results. Upper and lower warning limits of ±2s (where s equals standard 
deviation) and upper and lower control limits of ±3s are calculated with 
no fewer than 20 measurements in a 6 month period. Method defaults 
are used when not enough points are generated during a 6 month 
period. 

14.2.1 LCS control charts are developed using a spread sheet that 
incorporates all LCS data and follows the above parameters. 

14.3 Acceptance Limits 

Acceptance limits for quality control parameter recoveries may be set by 
published analytical methods, or may be calculated statistically inhouse. 
Individual SOPs provide the accepted recoveries for each method. The 
procedure for calculating inhouse limits is described in SOP SVL 1022. 

14.4 General Frequency of Quality Control Checks 

For those methods that do not have published QC requirements, SVL 
will use the following QC and frequency if applicable per batch of 20 
samples: 

Method or Instrument Blanks at a frequency of 5%.
 

Laboratory Fortified Blank or LCS at a frequency of 5%.
 

Duplicates at a frequency of 10%.
 

Matrix Fortified Samples at a frequency of 10%.
 

Continuing Calibration Verification every ten samples.
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Continuing Calibration Blank every ten samples. 

14.5 Uncertainty of Measurement 

SVL uses control charting as a means of determining when selected 
parameters are out of control. Warning and unacceptable control limits 
are defined at 2 and 3 sigma, respectively. SVL uses its LIMS to collate 
the information from its database and construct control charts every six 
months. 

Almost all approved methods used at SVL contain a section on 
precision and bias. Random uncertainties that are systemic cannot be 
determined statistically and can only be estimated by a trained analyst. 
Uncertainty represents a bias associated with analytical measurements. 
The presence and magnitude of bias can be determined by assessment 
of SVL’s control sample results. 

SVL reports out data to 3 significant numbers, with the number of 
decimal places determined by the sensitivity of the method. 

15.0 CORRECTIVE ACTION 

The SVL Corrective Action Program is defined in SVL SOP 1019. 

When a QC parameter fails acceptance criteria during the course of analysis, 
the Analyst or Supervisor resolves the problem before reporting data. The 
Supervisor may arrange for service or repair of instrumentation, if needed. 

Any employee may initiate a Corrective Action Report (CAR) to support the 
quality system. Typical reasons are the need for an SOP revision, overdue 
MDL study, overdue training, incorrect data reduction or review, improper 
instrument calibration, or incorrect analytical method. 

If there is a nonacceptable result in a Performance Evaluation Sample, the 
QAC documents the failure as a CAR and works with the Analysts and 
Supervisors to discover the cause. If there are findings from an internal or 
external audit, the QAC issues a CAR to appropriate staff members so they 
can prepare a Corrective Action Plan. 

15.1 Preventative Action 

A “Preventative Action” is a proactive process for dealing with a 
problem before it happens. It is taken to eliminate the cause of an 
undesirable situation in order to prevent its occurrence rather than a 

36 



   

                
                   
                    
                

                   
               

                
               

    

               
              
                   
 

 

   

                 
                
              

                     
         

                 
                      

               
                 

               

                    
                    

                   

 

   

                     
                  

                     

reaction to the identification of a problem or nonconformity. These 
actions are taken to reduce the probability that a potential problem will 
occur. They may also include contingencies to reduce the seriousness 
should a future problem occur. Subjects for “Preventative Action” may 
be implemented to address a weakness in the Quality System that is not 
yet causing nonconformities and can be initiated internally or externally 
(client complaints). The focus for preventative actions should be to 
avoid creating nonconformities, but may also lead to improved 
laboratory efficiencies. 

SVL uses a Preventative Action Report to document ideas, plans or 
actions whether developed internally or externally. These reports are 
audited at a future date to ensure that the changes sought have been 
effective. 

16.0	 COMPLAINTS 

The Business Development group strives to resolve all complaints from clients 
regarding analytical reports or service. Client Services contacts the appropriate 
Director, or Department Supervisor to investigate and resolve any issues. 
Actions may include reanalysis of samples or an explanation of technical issues 
that relate to an analytical result. 

16.1	 If a client requests a reanalysis, a SVL Reanalysis Request Form must 
be filled out. The form includes: SVL Work Order, Date, Requested By, 
Batch, Client Receive the Data, Reason for Request, Date Reanalyzed, 
Analyst, Sample Numbers, Data Qualifiers Assigned, Final Review, was 
the Original Data Invalid and any Comments. 

16.2	 Reports will have a case narrative or qualifiers. Multianalyte samples 
will have all of the analytes reran for that method. Any reissued 
reports will have both values contained within the new report. 

17.0	 TRAINING 

SVL conducts training in legal and ethical responsibilities for all staff members, 
different training sessions are provided to staff members annually. New 
employees will be given training within a week of their hire date. 
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SVL Management and Supervisors train staff members in laboratory safety. At 
a minimum this consists of an annual review of the Chemical Hygiene Plan. It 
also includes seminars on important safety issues throughout the year. 

Staff members also receive training in the quality system and QM. At a 
minimum this consists of an annual review of the QM. 

Department Supervisors ensure that staff is adequately trained to perform the 
analyses assigned to them. The process is defined in SOP SVL 1010. Training 
includes, as appropriate, quality control requirements, instrument operation, 
instrument maintenance, software operation, reading the published method, 
reading the applicable SVL SOPs, successful analysis of a performance 
evaluation sample, and completion of the Initial Demonstration of Capability 
(IDOC). When an IDC is not defined by the analytical method, the 
completion of a method detection limit study may be substituted. Upon 
completion of training a Demonstration of Capabilities Certificate is placed 
within their personal file. 

SVL Management defines the required elements for training for analytical 
methods. A Supervisor or a fully trained analyst provides training, when 
possible. If no fully trained analyst exists, an analyst may learn a new analysis 
by reading the appropriate method and instrument manual, then performing an 
IDOC. 

During the training period, an analyst may produce data for clients under the 
supervision of a fully trained analyst. The Department Supervisor or a fully 
trained analyst must review and sign all trainee work produced. 

17.1	 To document continued proficiency, an analyst must perform one of the 
following tasks annually: 

17.1.1	 Successfully analyze a blind performance sample. 

17.1.2	 Complete another IDOC. 

17.1.3	 Successfully analyze four consecutive LCSs. 

18.0	 ETHICS AND CONFIDENTIALITY 

18.1	 SVL is committed to providing its clients with accurate and defensible 
data and meeting all client requirements for data quality and integrity. 
To achieve our commitment, and as a condition for employment with 
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SVL, all employees agree to follow SVL's policy regarding ethics and 
data integrity characterized but not limited to the items listed below. 

18.1.1	 All reported data, including dates and times, shall represent actual 
values obtained and are not modified or manipulated in any manner 
which is not allowed for in the referenced method. 

18.1.2	 There will be no misrepresentation of another analyst’s identity. 
18.1.3 Altering the contents of logbooks and/or data sheets to misrepresent 

data is prohibited. 
18.1.4 Altering any operating procedures or QC to make data “fit” is 

prohibited. 
18.1.5 Failing to comply with standard operating procedures without proper 

documentation and approval from the appropriate supervisor and/or 
QAC is prohibited. 

18.1.6 Any attempt to misrepresent data or events as they actually occur in 
the course of data production, review or reporting is prohibited. 

18.1.7 Deleting files, whether electronic or hard copy of raw data that was 
used in a reported value is prohibited. 

18.1.8 Engaging or being a party to any practice that ultimately misrepresents 
data or narratives in any way is prohibited. 

18.2	 SVL has established a zerotolerance policy for improper, unethical, or 
illegal activities. Improper actions are defined as unapproved deviations 
from contractspecific or methodspecific analytical practices. They may 
be intentional or unintentional. Unethical or illegal actions are defined 
as the deliberate falsification of analytical or quality assurance results 
where failed method or contractual requirements are made to appear 
acceptable. Some examples of improper, unethical, or illegal practices 
are listed below: 

18.2.1 Improper use of manual integrations to meet calibration or 
method quality control criteria. 

18.2.2	 Intentional misrepresentation of the date or time of analysis. 

18.2.3	 Falsification of results to meet method requirements. 

18.2.4	 Reporting results without analysis. 

18.2.5 Selective exclusion of data to meet quality control criteria 
(dropping calibration points). 

18.2.6	 Unwarranted manipulation of computer software. 
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18.2.7 Improper alteration of analytical conditions (changing voltages or 
run times). 

18.2.8 Misrepresentation of quality control samples (not preparing them 
as samples). 

18.2.9 Intentionally reporting results from one sample for those of 
another. 

18.2.10 Reporting calibration or quality control data not linked to the 
reported samples. 

19.0 DATA REVIEW 

SVL uses a threetier system for data review via the LIMS system. The first 
level is conducted by the analyst, the second level by a peer or supervisor, the 
third by a signatory, DCO, Technical Director or the Laboratory Director. 
Reviews take place within the LIMS system (which uses a system of locks to 
assure data is secure from accidental corruption). The process is governed by 
SOP SVL 2009. 

In the case that erroneous data does leave the lab, the Laboratory Director or 
Client Services will contact the affected clients as soon as all of the facts are 
available. SVL will work with the clients in seeking a new or alternative 
strategy to meet the client’s needs. 
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19.1 Data Review Flow Chart 

Work Order Status Analysis Status 
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20.0 REPORTING 

SVL has a single standard report format for nearly all results (SVL_Sample) 
from ELEMENT. This includes a case narrative, sample report and QC 
report. 

Reports are available in a number of routine and custom hardcopy formats. 
Electronic Data Deliverables (EDD) can be provided in ASCII, spreadsheet, 
and database formats, including EQWin, GIS/Key, and EnviroData Solutions. 
If a client has a specific format, we are usually able to provide data that will 
merge into their previous records. 

Data that will be used to create EPA CLPlike deliverable packages are loaded 
into a third party data review and reporting system (MARRS) that generates all 
the forms required for a full data package. SVL has the capability of providing 
both hardcopy and EDDs. EDDs are available in standard EPA CLP formats, 
as well as popular spreadsheet and database files. 

21.0 AUDITS 

21.1 Performance Evaluation Program 

SVL participates in two WS, two SOIL, and two WP Performance 
Evaluation Studies each year. SVL submits the second WP Study to 
meet the DMRQA requirements of our clients. The PE samples are 
logged in as singleblinds and ran as if they were normal samples in all 
aspects. 

21.2 Internal System Audits 

The Quality Assurance Coordinator (QAC) conducts a minimum of one 
internal system audit per year. The audit provides an overview of the 
implementation of procedures and policies set forth in the laboratory’s 
Quality Manual and SOPs. System audits (that may be limited in scope) 
may be undertaken at any time in response to external audits, corrective 
actions, or at the request of the Laboratory Director. 

The QAC prepares an internal audit plan based on information garnered 
from previous audits both internal and external, Corrective Action 
Reports (CARs), method changes, new instrumentation and requests or 
complaints from clients. The internal audit plan may define 
participating auditors, any applicable documents, the audit schedule, and 
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scope of laboratory activities to be audited. The QAC may use written 
checklists and/or quizzes to assess the analyst’s knowledge of the 
Quality Manual, methods and current SVL SOPs. 

The QAC will interview the analyst(s) and conduct reviews of records, 
logbooks, and data packages. 

At the close of the audit, a postaudit meeting is held to discuss the audit 
findings. The auditor can close a finding during this discussion if the 
laboratory staff can satisfactorily demonstrate that the finding is 
inappropriate or easily remedied. 

The QAC will deliver the report to the Laboratory Director. The report 
will contain at a minimum the following parameters: Date and location 
of the audit, personnel involved in the audit, laboratory operations 
audited, any minor or major findings that require corrective action 
(major findings require the issuance of a CAR), the auditor’s summation 
and any quizzes taken by the analysts. 

21.3 Data Audits 

The QAC performs a data audit of several data packages each year. 
Data audits can also be triggered by audits, CARs or requests from the 
Laboratory Director. The purpose of data audits is to alert the QAC to 
any errors, chronic problems or trends that may be developing. 

22.0 MANAGEMENT REVIEW 

The Management of SVL conducts a review of the adequacy of the quality 
system and QM annually. The reviews takes into account reports from 
supervisory personnel, recent internal audits, external audits, the results of PE 
samples, changes to the volume or type of work undertaken, feedback from 
clients, and CARs. Conclusions are incorporated into any revisions to the QM 
and in improvements in laboratory operations. 

23.0 SUBCONTRACTING AND PURCHASING 

Prior to subcontracting work to another laboratory, the Laboratory Director or 
Client Services ensures that the subcontracted laboratory is NELAP accredited, 
or is certified by the appropriate state, for the tests to be subcontracted. 
Management also verifies that the laboratory has an active Quality Assurance 
Program (QAP) that meets SVL’s and clients DQOs. This may be 
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accomplished by obtaining a copy of the subcontracting laboratory’s QAP, or 
equivalent document. The Laboratory Director or Client Services advises the 
client that the work is being subcontracted. 

SVL ensures that purchase orders contain the required technical and quality 
specifications prior to release. If a catalog specifies technical and quality 
criteria (like the grade or purity), reference to a catalog number is deemed 
satisfactory. 

SVL tests reagents and standards prior to analyzing samples and reporting data. 
New reagents will be used in Method Blank and LCS preparations; if the QC 
requirements are met then those reagents are deemed to be acceptable. 
Standards will be diluted so as to fit into the current linear range of the 
instrument; they will be accompanied by a Method Blank and LCS to ensure 
that the standard is of sufficient quality and passes the grade and purity criteria 
as put forth by the manufacturer (SVL SOP 1015). 

24.0	 TRANSFER OF ANALYTICAL REPORTS, RECORDS and 
SAMPLES 

In the event that SVL Analytical, Inc. (SVL) goes out of business or there 
occurs a transfer of ownership, the following plans will apply. 

All current clients and past clients going back 5 years, longer if bound by 
contract, will be contacted by registered mail, return receipt requested, at their 
current or last known address, and made aware of the permanent closure or 
transfer of ownership of SVL. 

Clients will be requested to respond in writing by return mail, fax or email 
within 10 business days with the instructions as to the final disposition (in the 
case of closure) or as to how they wish to proceed with the new ownership 
concerning their reports, records and/or samples, including work that is in 
progress. 

Options for the client may include complete transfer of all reports, records and 
samples to their business location, or, complete destruction of all documents 
and samples. SVL does not take ownership of client samples at any time or 
under any circumstances, and title to all reports, records and samples resides 
with the client. SVL will not be responsible for disposal of hazardous 
materials. 

Methods of reports and records transfer may be by hard copy purge file, hard 
copy reports only, or by electronic data deliverables (EDD) for all date 
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accessible and stored in SVL’s database. No customized EDDs will be 
available. 

Should a client decide to stay with the new ownership, any business 
relationship between the two parties will constitute a new relationship 
independent of any involvement by SVL. The maintenance of reports and 
records, and the completion of the work in progress (but not completed by 
SVL) shall be under the sole control of the new owner. SVL will be 
relinquished from any and all responsibilities concerning the business 
relationship between the parties. 

25.0 GLOSSARY 

Accuracy  The degree of agreement of a measured value with the true or 
expected value of the quantity of concern. 

Aliquot  A portion of a sample. 

Analytical Spike  An aliquot of sample to which a known amount of analyte 
has been added after sample preparation. It is a measure of the effect of the 
matrix of a digest or extract. It is sometimes known as a postdigestion spike. 

Bias  A systematic error inherent in a method or caused by some idiosyncrasy 
of the measurement system. Temperature effects, extraction efficiencies, 
contamination, mechanical losses, and calibration errors create bias. Bias may 
be either positive or negative. 

Blank  An artificial sample designed to monitor the introduction of 
contamination into the process. For aqueous samples, reagent water is used as 
a blank matrix. 

Calibration Blank  The zeroconcentration standard analyzed as part of a 
calibration curve. 

Method Blank  Is an aliquot of analytefree water that is put through all the 
steps of a specific method along with the samples. It is sometimes called a 
Laboratory Reagent Blank. 

Field Blank  Randomly selected sample container that is filled with analyte
free water and the appropriate chemical preservative in the field. 

Trip Blank  Is a specific type of field blank. A trip blank is not opened in the 
field. It is a check on sample contamination from the time the container is 
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sealed at the lab or supplier and verifies the container integrity during sample 
transport and during its time on site (it should always be with sampling group). 

Blind Sample  A sample submitted for analysis whose concentration is 
unknown to the analyst. 

Calibration  Comparison of an instrument response with a standard or a 
certified instrument. Commonly it is performed with a set of known standards 
plotted versus a response. 

Completeness  The percentage of measurements that meet quality control 
acceptance criteria for requested determinations. Percentage completeness is 
defined by client DQOs. 

Continuing Calibration Verification (CCV)  A calibration standard 
analyzed after every ten samples, and at the end of an analytical sequence, to 
verify that the calibration is still valid. 

Continuing Calibration Blank (CCB)  A matrix matched deionized water 
sample ran to prove the system is clean with no carryover. 

Control Chart  A graphical plot of test results with respect to time or 
sequence of measurement, together with limits within which they are expected 
to lie when the system is in a state of statistical control. 

Double Blind Sample  A sample known by the submitter but submitted to 
an analyst in such a way that its identification as a check sample is unknown. 

Duplicate Sample  Second aliquot of a sample, treated exactly the same 
through preparation and analysis. The RPD between the values of the 
duplicates is a measure of the precision of the analytical method. 

Homogeneity  The degree to which a property or substance is evenly 
distributed throughout a material. 

Initial Calibration Verification (ICV)  A standard usually made from a 
different source than the calibration standards. It is analyzed immediately after 
the calibration to determine the validity of the calibration standards. 

Instrument Detection Limit (IDL)  The smallest concentration detectable 
on a specific instrument. It is statistically determined by analysis of at least 
seven replicates of a blank that has not been digested. 

Interference Check Sample (ICS)  A sample with known concentrations of 
elements used to determine if the interelement correction factors of the ICP 
are accurate. 
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Initial Calibration Blank (ICB)  A matrix matched deionized water sample 
ran to prove the system is clean with no carryover. 

Laboratory Control Sample (LCS)  A solution or material of known 
concentration that is analyzed to evaluate the accuracy of a method. 
Sometimes it is called a Laboratory Fortified Blank. 

Laboratory Fortified Blank (LFB)  Another term for a laboratory control 
sample. 

Laboratory Fortified Matrix (LFM)  Another term for a matrix spike. 

Laboratory Reagent Blank (LRB)  Another term for a method blank. 

Matrix Spike (MS)  An aliquot of sample to which a known amount of 
analyte(s) has been added. It provides information about the effect(s) of the 
sample matrix on the analytical method. The spike is added prior to 
preparation. Sometimes it is called a “Laboratory Fortified Matrix”. 

Matrix Spike Duplicate (MSD)  A second matrix spike, treated exactly the 
same as the first matrix spike through preparation and analysis. The RPD 
between the values is a measure of the precision of the analytical method. 

Mean  The sum of all observations divided by the number of observations. 

Method Detection Limit (MDL)  The smallest concentration detectable 
with 99% certainty on an instrument by a specific method. It is statistically 
determined by analysis of seven replicates of a lowlevel standard, prepared in 
the same way as a sample. 

Precision  The degree of agreement of independent measurements under 
specified conditions. 

Quality Assurance  A system of activities used to ensure defined standards 
of quality. 

Quality Control  A system for verifying and maintaining the desired level of 
accuracy and precision of an analytical method. 

Relative Standard Deviation (%RSD)  The Standard Deviation divided by 
the Mean and multiplied by 100. 

Reporting Limit (RL)  The smallest concentration usually reported for an 
analyte. It is usually at least three times the Method Detection Limit. 
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Standard Operating Procedure (SOP)  A written procedure that defines a 
laboratory operation or analytical method. 

Subsample  A portion taken from a sample. 

Standard Deviation  Is the positive square root of the variance. A measure 
of the average spread around the mean. 

Variance  The value approached by the average of the sum of the squares of 
deviations of individual measurements from the mean. Mathematically, it may 
be expressed as: 

∑ (X i -  m) 
2 

σ 2→  as n → ∞ 
n

Ordinarily, only its estimate s2 can be known. 

2 ∑ (x 1 - x)
2 

s = 
n -1 

25.0 CERTIFICATIONS 

SVL maintains certification for analysis of drinking water in the 
following states: 

Arizona
 
California
 
Colorado
 
Idaho
 
Montana
 
Nevada
 
Washington
 
Wyoming
 

SVL maintains certification for analysis of environmental samples in the 
following states: 

Arizona
 
California
 
Nevada
 
Washington
 

NELAC Certification Awarded – Primary Accreditation Florida 
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                       25.1 Copies of the Scopes of Accreditation can be located at www.svl.net .
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A.3. Distribution List 

1. 	 Roy Araki, U.S. Environmental Protection Agency-Region 10, 1435 N. 

Orchard, Ste. 100, Boise, ID  83706, 208.378.5761 


2. 	 Ed Bala, Idaho Transportation Department, 5151 South 5th Avenue,
 
Pocatello, ID 208.239.3300, Ebala@itd.state.id.us
 

3. 	 Colden Baxter, Department of Biological Sciences, Box 8007, Idaho State 
University, Pocatello, ID, 208.282.6098, baxtcold@isu.edu 

4. 	 James Brock, Rapid Creek Research, 220 East 37th Street, Boise, ID 

83714, 208.395.0395, jtbrock@rcresearch.com
 

5. 	 Steve Ernst, Bannock County Planning & Development Services, 130 
North 6th Avenue, Pocatello, ID 208.236.7230, stevee@co.bannock.id.us 

6. 	 Kelsey Flandro, Three Rivers RC&D. 1551 Baldy Ave. Suite 4. Pocatello, 
ID 83201 208.317.4288, flankels@yahoo.com 

7. 	 Monte Johnson, JR Simplot Company, P. O. Box 912, 1130 W Highway 
30Pocatello, ID 83204, 208.235.5350, mjohnson@simplot.com 

8. 	 Jon Herrick, City of Pocatello Water Pollution Control Facility, Box  4169, 
Pocatello, ID 83204, 208.234.6256, jherrick@pocatello.us 

9. 	 Candice Hurt, City of Pocatello Water Pollution Control Facility, Box 4169, 
Pocatello, ID 83204, 208.234.6256, churt@cityofpocatello.org 

10.Scott Henderson, Portneuf Soil and Water Conservation District, 1551 
Baldy, Suite 2, Pocatello, ID 83201, 208.237.4628 ext. 121 

11.Brad Higginson, USDA Forest Service Caribou-Targhee National Forest, 
1405 Hollipark Dr., Idaho Falls, ID 83403, 208.557.5783, 
bhigginson@fs.fed.us 

12.Richard Inouye, Department of Biological Sciences, Box 8007, ISU, 

Pocatello, ID, 208.282.2933, inourich@isu.edu
 

13.Justin Krajewski Idaho Soil Conservation Commission, 1551 Baldy 

Avenue, Suite 2, Pocatello, ID 83201, 208.237.4628, 

jkrajews@agri.state.id.us
 

14.Larry Mickelson, USDA Natural Resources Conservation Service, Caribou 
Soil Conservation District, 159 East 2nd South #4, Soda Springs, ID 83276, 
208.547.4801 larry.mickelson@id.usda.gov 

15.Greg Mladenka, Idaho Department of Environmental Quality, Pocatello 
Regional Office, 444 Hospital Way #300, Pocatello, ID 83201, 
208.236.6160, greg.mladenk@deq.idaho.gov ; 

16.Cary Myler, US Fish and Wildlife Service, Ecological Services 4425 Burley 
Drive, Chubbuck, ID 83202, 208.237.6975 cary_myler@fws.gov 
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A.4. PROJECT ORGANIZATION 

Three Rivers Resource Conservation and Development Council (Three Rivers 
RC&D) in cooperation with the Idaho Department of Environmental Quality 
(IDEQ) and Rapid Creek Research have prepared the Quality Assurance Project 
Plan (QAPP) for the Portneuf Basin Monitoring Project on behalf of the Portneuf 
Watershed Partnership (PWP). The PWP is a community-based coalition of 
stakeholders interested in the surface and groundwater resources of the Greater 
Portneuf Basin and has oversight of several grant-funded projects. 

The Portneuf Basin Monitoring Project (PBMP) operates beneath the umbrella of 
the PWP, and is a cooperative effort by private industry, educational institutions, 
scientists, and government agencies at numerous levels (City, County, State, 
Tribal, and Federal) to monitor water quality and ecological conditions in the 
Portneuf River. An individual, agency, or other entity may contribute to the work 
of the PBMP by funding part(s) of the project or by participating in the PBMP.  

The monitoring network grew out of data collection activities initiated in 1998 by 
the City of Pocatello to monitor the impacts of its wastewater treatment facility 
(Pocatello WWTF) on the Lower Portneuf. Originally comprised of a pair of 
stations, one above and the other below the Pocatello WWTF, the system 
expanded in 2001 with the addition of two more continuous monitoring systems 
to characterize water quality above and below the Pocatello-Chubbuck urban 
area. 

As the scope of the monitoring program broadened, so did the number of 
participating stakeholders. With four monitoring stations operational, the City of 
Pocatello, the City of Chubbuck, and the Water Resources Department, Water 
Quality Program of the Shoshone-Bannock Tribes joined forces with Idaho DEQ, 
Idaho State University, and Three Rivers RC&D to apply for a Regional 
Geographical Initiative (RGI) grant from USEPA Region 10.  In 2001, this RGI 
grant initiative was successful with Three Rivers RC&D serving as the 
administering agency. The formation of the PWP evolved out of the need to 
coordinate monitoring interests among the various government agencies, the 
Shoshone Bannock Tribes, the University, and private industry.  
In 2002, EPA funded a second RGI grant. As of October 2007, the monitoring 
network consists of eight regularly monitored surface water stations.   

The goal of the PBMP is to provide resources for necessary equipment and 
personnel and an incentive for organizing agencies and stakeholders in the 
region to address and solve environmental problems.  The organizational chart 
below (Fig. 1) displays the hierarchy of the various project participants. 
Table 1 shows contributions and responsibilities of each project participant, with 
regard to program design, field sampling, laboratory analysis, etc.   
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Figure 1. Organizational chart showing the key entities involved in all major 
aspects of the Portneuf Basin Monitoring Project. 
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Table 1. Summary of responsibilities associated with the Portneuf Basin Monitoring Project 

Agency, University, 
Corporation or Other Entity 

Program 
Design 

Field 
Sample 
Collect-

ion 

Analytical 
Laboratory 
Analysis 
Services 

Data 
Base 
Entry 

Data 
Review 

and 
Analysis 

Program 
Quality 

Assurance 
Review 

Web 
Site 
Maint-
enance 

Program 
Tech- 
nical 

Review 

Program 
Educational 

Outreach 

Program 
Admin-
istration 

Program 
Oversight/ 
Funding 

City of Pocatello Water 
Pollution Control Dept  

Public Works Dept 
█ █ █ █ █ █ █ █ █ 

Energy Laboratories █ 

Idaho Dept of 
Environmental Quality  

█ █ █ █ █ █ █ 

Idaho Association of Soil 
Conservation Districts 

█ █ █ █ █ 

Idaho State University █ █ █ █ █ █ 

J.R. Simplot Co. █ █ 

Rapid Creek Research (1) █ █ █ █ █ 

Shoshone Bannock Tribes █ █ █ 

Three Rivers RC&D (2) █ █ █ █ █ █ █ █ █ █ 

US EPA █ 

Notes: 1. Contractor to City of Pocatello, IDEQ, Three Rivers RC&D 
2. Three Rivers RC&D Contractor –Kelsey Flandro 
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A multidisciplinary team of technically qualified staff and senior scientists will be 
used to complete all responsibilities of the Portneuf Basin Monitoring Project.  
Key individuals and their primary responsibilities in the Portneuf Basin Monitoring 
Project are outlined in Table 2. The project manager acts as the local 
administrator of work addressing staffing and budgetary considerations 
associated with monitoring activities. The project manager is also responsible for 
maintaining the official, approved QAPP, and coordinating with the grant 
administrator on questions related to project management.  The quality 
assurance (QA) manager supervises all quality assurance procedures while 
senior staff provides technical oversight for maintenance and management of the 
continuous monitoring network, water sampling, discharge measurements, data 
review, report generation, and training of technical staff and volunteers. 
Technical staff is responsible for water sampling, discharge measurements, and 
supervision of volunteers involved with field sampling activities. Local water 
resource professionals (agency and university) participated by providing peer 
review of earlier drafts of this document (see Section A3). 

Numerous members of the Portneuf Watershed Partnership participate in 
monitoring discussions and offer field assistance when called upon.  However, 
only those individuals involved in routine activities associated with the monitoring 
program described herein are included in Table 2. 

Table 2. Key Personnel Contact Information and Responsibilities 

Name   Title and Responsibilities  

Three Rivers Resource Conservation and Development 

Paula A. Jones 

208.237.5041 
Paula.Jones@id.usda.gov 

Project Manager – The project manager coordinates project 
activities. The project manager is in regular contact with the 
technical advisors, and technical staff and is responsible for 
maintaining and distributing the official, approved QAPP.  The 
project manager establishes relationships with stakeholders of 
the Portneuf River and works to identify future funding sources 
to sustain monitoring activities.  

Kelsey Flandro Senior Water Quality Monitoring Technician – The technician 
is primarily responsible for the maintenance of the continuous 

208.317.4288 monitoring network. The technician assists with field sampling 
flankels@yahoo.com and discharge measurement and supervision of volunteers. 

Idaho Department of Environmental Quality 

Lynn Van Every 

208.236.6160 
lynn.vanevery@deq.idaho.gov 

Regional Water Quality Manager, Senior Scientist. – The 
RWQM provides technical oversight of all field sampling 
activities and coordinates with the project manager on 
budgetary and administrative issues. The RWQM also acts as 
a contributor and primary reviewer of all technical documents. 

Greg Mladenka 

208.236.6160/251.9941 
greg.mladenka@deq.idaho.gov 

Water Quality Scientist - The WQ Scientist provides technical 
oversight and field assistance with all sampling activities.  WQ 
scientist coordinates all sampling activities with monitoring 
technicians and assists with volunteer training opportunities 
and scheduling of sampling activities. Has oversight of regular 

Portneuf River QAPP         Revision 5.1 
1 November 2009 

12 

mailto:Paula.Jones@id.usda.gov
mailto:wilhchri@isu.edu
mailto:lynn.vanevery@deq.idaho.gov
mailto:greg.mladenka@deq.idaho.


 
                                                          

  

 
 

 

 

 
 

  

 
 

 
 

 

  
 

 

 

 

 

data entry (e.g. monthly sonde and discharge measurements) 
The scientist also is a primary reviewer of all technical reports.  

Josh Schultz. 

208.236.6160 
josh.schultz@deq.idaho.gov 

Water Quality Scientist – The scientist provides technical 
oversight and field assistance with all sampling activities. The 
scientist coordinates volunteer activities including training 
sessions and scheduling of sampling activities. The scientist 
also is a primary reviewer of all technical reports. 

City of Pocatello 

John W. Sigler, Ph.D. Senior Environmental Coordinator- The SEC provides support 
of the field sample collection program, laboratory, and data 

208.239.6983 analysis. The SEC coordinates activities of the regional storm 
jsigler@pocatello.us water program with the PBMP. He is a primary reviewer of all 

technical reports. 
Candice Hurt Laboratory Coordinator – The laboratory coordinator provide 

technical oversight for sample collection and assists with field 
208.234.6256 sampling activities. The laboratory coordinator acts as the 
churt@pocatello.us Portneuf Basin Monitoring Project’s primary contact for 

ENERGY Laboratories, Inc. and provides QA oversight for 
sample handling and custody, and analytical methods. 

Rapid Creek Research, Inc. 
James T. Brock 

208.395.0395 
jtbrock@rcresearch.com 

Quality Assurance Manager, Senior Scientist - The QA 
manager has oversight of all QA/QC procedures for 
continuous monitoring instrumentation, water sampling and 
discharge measurements, data review, and training of 
technical staff and volunteers on an annual basis. Primary 
activities of the QA manager, also the senior technical advisor, 
include data review and analysis, web site maintenance, 
instrumentation design and maintenance, and oversight of all 
field sampling activities. The senior scientist also acts as an 
author and primary reviewer of all technical documents.     
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A.5. Problem Definition, Background and Objectives 

The Portneuf Basin Monitoring Project enables stakeholders to assess and 
document the influence of natural and human-caused factors on water quality.  
This document describes the development and implementation of the Portneuf 
Basin Monitoring Project and defines the standards and methods used to ensure 
consistent sampling procedures and that data generated during field activities are 
accurate, complete and representative of actual riverine conditions. 

The Portneuf River originates in the high country on lands of the Shoshone-
Bannock Tribes.  After flowing about 100 miles, the Portneuf River joins the 
Snake River at the Fort Hall Bottoms, which is also on Tribal land.  The cities of 
Pocatello and Chubbuck (combined population ~ 60,000) comprise the primary 
human population center in this 1,360 square mile basin; several smaller 
municipalities are located in the upper agricultural portion of the drainage.  

The Portneuf River has numerous documented water quality problems.  It was 
listed on the U.S. Environmental Protection Agency’s (EPA) 303(d) list in 2002.  
A 303(d) listing means that a water body has been identified as being impaired 
with respect to attainment of beneficial uses.  The listing identified elevated 
concentrations of bacteria, nutrients, sediment, and oil and grease. The 2001 
Portneuf River Total Maximum Daily Load indicated that the river is also affected 
by flow alteration. While flow alterations are not specifically recognized as 
pollutants in the TMDL process, modifications to a river’s hydrologic regime affect 
the magnitude, timing, duration, and frequency of flows (Poff et al. 1997) 
including habitat forming floods (Junk et al. 1989); these impacts are thought to 
have significant effects on salmonids and other stream biota (Van Kirk and 
Jenkins 2005). 

In addition to the reductions necessary for the aforementioned pollutants several 
parameters of concern throughout the Portneuf River include sediment, nutrients, 
bacteria, temperature, dissolved oxygen (DO) and discharge.  Impairment is 
thought to be affected by a number of land use practices. Agriculture is the 
dominant land use (range and cropland make up 48% and 33% of the basin, 
respectively); forest and urban lands comprise only 13% and 3% of the basin 
(Krajewski 2002). 

Numeric standards for surface water are defined in Idaho Administrative Code 
58.01.02 (see Appendix A). The Portneuf TMDL document approved in 2001 
defines criteria for sediment and nutrients.  Sediment targets are set at 50 – 80 
mg/L total suspended solids, depending on season and location.  Total 
phosphorus and total inorganic nitrogen targets are set at 0.075 and 0.3 mg/L, 
respectively. 

The PBMP is generating information that is essential to the success of TMDL 
implementation.  Extensive monitoring data and information on the quality of 
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water and associated biota provide the foundation for the TMDL program, 
pollutant loading assessment, effectiveness monitoring of Best Management 
Practices (BMP), and ultimately de-listing of the 303(d) waters.   

Objectives 
The objectives of the monitoring program are to:  

▪	 quantify existing conditions allowing trend analysis of water quality and 
ecosystem health over time, 

� develop a better understanding of the magnitude of point and non-point 
pollutant loadings to the river, 

� provide information that will help the City of Pocatello meet National 
Pollutant Discharge and Elimination System (NPDES) permit 
regulations and manage storm water and wastewater, 

� assess suitability of standards and compliance with water quality 
objectives that support beneficial uses, reduce monitoring costs and 
improve data quality, 

� help determine when conditions in a water body segment have 
improved to the point that it can be de-listed, 

� provide supplementary information on river flows, both minimum and 
flood conditions,  

� support development of simulation models, TMDL plans, and 
presentations and manuscripts that serve to disseminate findings of 
this monitoring effort to a larger audience, and  

� potentially serve as the surface water component for protecting the 
Portneuf regional groundwater aquifer. 

These objectives have been discussed and developed by stakeholders of the 
Portneuf Basin during a series of workshops held to address TMDL issues. 

Limitation of Scope 

This Quality Assurance Project Plan has been formulated to describe regular 
monitoring activities of the Portneuf Basin Monitoring Project.  The Portneuf 
monitoring activities can be divided into two categories: “core activities” and 
“special studies.” The core or routine activities include development and 
maintenance of continuous monitoring stations and regular stations (e.g., 
monthly collection of sonde data and laboratory samples from established 
stations) and monitoring of ambient water quality required by the NPDES permit 
holder, the City of Pocatello Wastewater Treatment Facility, and for the Pocatello 
Urbanized Area MS4 Permit. 

Several related, but non-core topics of the monitoring program have been 
explicitly excluded from this QAPP.  These ancillary topics are listed below: 

� Water Quality and Quantity Modeling - Monitoring data from this 
project may be used to support other activities such as simulation 
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modeling of surface water in the Portneuf Basin.  However, simulation 
modeling is not an integral part of the monitoring program. Therefore 
this QAPP does not address the topic of modeling activities. 

� Special Studies - Special studies may be conducted by participants of 
the PBMP on an irregular basis as the need and resources (time, 
personnel, and funds) allow. An example of a special study is the 
sampling of a major runoff event, or synoptic sampling of numerous 
stations during hot weather and drought flows.  Sampling and analysis 
procedures during special studies will generally follow those 
established for the regular monitoring program, however there may be 
exceptions based on conditions at the time of the activity.  Special 
studies and are not explicitly described in this QAPP.   

Additional information on project elements is provided in Section A6.1. 

A.6. Project Description 

The purpose of this plan element is to summarize work to be performed, provide 
a work schedule and map, and describe geographic locations to be studied and 
discuss resource and time constraints. 

A.6.1 DESCRIPTION OF WORK TO BE PERFORMED 

The Portneuf River Subasin, located in southeastern Idaho, has an area of 
approximately 1,300 square miles, which sustains a river length of approximately 
97 miles (Figure 2). The river flows through a region of southeastern Idaho that is 
characterized by low levels of precipitation, < 12 inches (30 cm) annually, of 
which most is delivered in the form of snow, and therefore the river is heavily 
influenced by melting of the snow pack and aquifer exchange.  The average 
summer discharge is approximately 500 cfs during peak runoff, falling to 50 cfs in 
summer, a drop of one order of magnitude (Minshall and Andrews, 1973).  The 
major tributary to the Portneuf River is Marsh Creek, with smaller tributaries 
including Rapid Creek, Mink Creek, and Pocatello Creek (Figure 2).   

The Portneuf River Basin supports mixed land uses including agriculture, 
industrial, and urban. The Portneuf River monitoring network was established to 
characterize the effects of these mixed uses and their combined impact on river 
water quality.  Figure 2 illustrates the spatial distribution of the eight continuous 
monitoring stations. Six of the stations are positioned along the length of the 
Portneuf River, one station is located on Marsh Creek, and the remaining station 
is located at the outfall of the City of Pocatello Wastewater Treatment Facility. 
The geographic location of each station is provided in Section B1 including the 
geographic locations of the US Geological Survey’s gauging stations.   
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The Portneuf Basin Monitoring Project, consisting of six elements, is described 
briefly below. 

Figure 2. Portneuf River Basin showing flow and water quality monitoring 
stations. 
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1) Continuous water quality monitors - The sonde is an electronic 
device containing up to five different sensors that measure water quality 
constituents including temperature, specific conductance, DO, pH, and optical 
turbidity. Measurements are made every ten minutes and reported in final data 
files. Measurements are recorded using a field computer called a data logger. 
The data logger is linked to an office computer using either telephone, digital 
wireless, or radio. A photovoltaic panel provides electrical power to the 
monitoring station. Trend plots are maintained on a web site, which is updated 
every two hours. 

2) Water Quality Samples – Water samples are collected from 
monitoring stations monthly during ice-free periods (normally March through 
December) coinciding with NPDES requirements for the Pocatello WWTF.  
Chemical and physical characteristics of the samples are determined by 
laboratory analysis. A minimum of 10 samples per site, per year is taken.  Batise, 
Siphon and Pocatello WWTF outfall generally do not freeze over during winter 
months and are sampled monthly for the entire year.  Additional samples are 
taken during spring runoff or other event driven runoff as resources allow, 
however these events vary seasonally and yearly. Therefore, sampling activities 
associated with runoff events can be unpredictable.   

3) Discharge – River discharge is measured at four gauging stations 
by means of continuous water level recorders that are calibrated by regular field 
measurements of velocity and depth at flow control points (Fig. 2).  These 
stations supplement the gauging network maintained in the basin by USGS.   

4) Quality Assurance – A goal of the PBMP is to ensure that 
information collected by the monitoring network will provide a scientifically 
defensible basis for the PBMP and others to make inferences on the integrity of 
the Portneuf River ecosystem. This document addresses standard practices 
used for maintaining quality of information collected and provides detailed 
explanations of requirements necessary for QAPP compliance.  Specifically, this 
QAPP outlines descriptions of procedures for routine cleaning and calibration of 
sonde sensors, acceptance criteria for calibrated and deployed instrumentation, 
procedures for collection of water samples, and guidelines for review and 
acceptance of data generated by the continuous monitoring systems.   

5) Data Presentation and Distribution – An additional goal of the 
PBMP was to make recent data collected at each monitoring site available to the 
public, viewable in near real time at www.portneufriver.org.  Having the QAPP 
guidelines published and implemented during collection and review of water 
quality information is fundamental to ensuring that sound procedures are in place 
and resources are expended wisely.  Once long-term data are screened and 
verified they are made available on the project web site. 
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6) Data Analysis - This aspect of the project involves preparation of 
trend charts and calculation of pollutant loads. 

A.6.2 SCHEDULE OF WORK TO BE PERFORMED 

The work to be performed for this project includes collection of monitoring data, 
station maintenance, data screening, and preparation for publication.  Primary 
tasks and target completion dates are provided in Table 3. 

Table 3. Anticipated schedule of work to be performed. 

Task Target Completion Date 
Sampling and collection of monitoring data Ongoing 
Maintenance of monitoring equipment and data base  Ongoing 
Maintaining project web site so it is up to date Ongoing 
Posting of data onto Web site Ongoing 
Training and quality review Ongoing 
Revision of QAPP November 2011 

A.7. Data Quality Objectives and Criteria  

Data quality objectives for the Portneuf Basin Monitoring Project are to produce 
scientifically defensible data that meet monitoring objectives of the participating 
stakeholders (see Section A5). This involves establishing and meeting goals for 
precision, accuracy, representativeness, completeness, comparability, bias and 
sensitivity. In general, our objective is to standardize where possible, and 
document otherwise (Puckett, 2002). 

Precision – Precision is a measure of agreement among individual 
measurements of the same property under identical or substantially similar 
conditions. Replicate samples (typically duplicates) shall be collected for all 
constituents at an annual rate of 5% of the total number of samples collected. 

Accuracy – Accuracy is a measure of agreement between an analytical 
measurement and a reference of a known value.  Field blanks shall be collected 
at an annual rate of ~5% of the total number of samples collected. 

Representativeness – The measure of the degree to which data accurately and 
precisely represent constituent variations at a sampling point is its 
representativeness. Water flowing past a given location on land is constantly 
changing in response to a suite of environmental factors.  Sampling strategies, 
equipment, and schedules will be designed to maximize representativeness 
where possible and applicable.   
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Completeness –The quantity of valid data available for use compared to the 
amount of potential data constitutes a measure of completeness. In an ambient 
water quality monitoring program 90% completeness is a reasonable goal.  This 
can be calculated by dividing the number of samples with acceptable data by the 
total number of samples planned to be collected and multiplying the result by 
100. Some samples collected for chemical analysis are covered under a NPDES 
Permit. The objective of the monitoring program is to have 100% of samples 
collected and analyzed to be valid. Monthly sampling will be scheduled during 
the first two weeks of the month, so if in any case samples are invalid or 
incomplete, repeat sampling and analysis can be completed prior to the end of 
the month. 

Comparability – Comparability is a measure of the confidence with which one 
data set or method can be compared to another.  Standard methods and 
sampling techniques will be used to assess comparability (APHA, 1998; Shelton, 
1994). Our objective is to have continuous monitoring equipment operational 
≥80% of the time. Continuous monitoring constituents include water 
temperature, DO, pH, specific conductance and turbidity. 

Bias - Inherent in any sampling program are potential sampling biases or 
prejudices. A goal of this QAPP is to describe guidelines that will eliminate or 
minimize the amount of sampling bias introduced into the Portneuf Basin 
Monitoring Project. Several types of sampling biases exist.  However, two 
primary types are often described, and they are experimenter bias and 
systematic bias (Dean and Voss, 1999). 

Sampling biases can arise from a number of sources, a few of which are listed 
below, 

•	 failure to adhere to the random or representative sampling 
techniques. 

•	 intentional omission of subgroups of the sampled population (or 
portions of the cross-section in reference to river sampling), and 

•	 faulty, poorly calibrated or uncalibrated instrumentation used for 
measuring. 

Senior field staff will advise all technical staff and volunteers of the 
importance of randomization and representativeness in sample collection 
and will address the potential for introducing sampling bias during formal 
training sessions.  

Sensitivity – Sensitivity is the capability of a method or instrument to 
discriminate between measurement responses representing different levels of a 
variable of interest. 
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Generally speaking, quality assurance is achieved in the PBMP by implementing 
the following measures: 

� development of the Quality Assurance Project Plan (QAPP; this 
document) 

� review of the QAPP by local technical experts and approval by 
participating stakeholders, 

� implementing a quality assurance (QA) program for laboratories 
including lab and field performance checks. 

Any measurements made during the PBMP employ only methods and 
techniques determined to produce measurement data of a known and verifiable 
quality sufficient to meet the overall objectives of the water quality monitoring 
investigation. 

A.8. Special Training Requirements / Safety. 

A.8.1 Training 

Proper training of field personnel, including volunteers, is a critical aspect of 
quality control. Field technicians are trained by senior monitoring staff using 
written standard operating procedures.  Personnel are trained in the use of 
hydrologic equipment that includes, but is not limited to, electronic water testing 
instruments, field computers, current velocity meters, acoustic doppler current 
profilers (ADCP) and depth integrating sediment samplers.  A minimum 
qualification of personnel is training or coursework equivalent to eight semester 
hours of formal course work in the aquatic sciences. A training session will be 
conducted at least once a year for field personnel by the project scientists.   

The quality assurance manager evaluates field procedures and instrument 
calibration at least once per year. Any deficiencies and procedural suggestions 
that are noted will be documented in writing, with steps taken to rectify the 
deficiencies.  Records will be kept by Three Rivers RC&D. 

A.8.2 Safety Guidelines for Field Activities  

One of the most critical considerations for our monitoring program is the safety of 
its personnel. Field personnel are trained in standard safety procedures for river 
monitoring activities. Proper field and laboratory safety procedures are followed 
with respect to chemicals (e.g., preservatives), and safety equipment (e.g., safety 
glasses, protective footwear). Records will be kept by Three Rivers RC&D.    

Each team should carry with them a set of safety instructions and the phone 
number of their program coordinator or team leader. Safety precautions can 
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never be overemphasized. If at any time personnel feel uncomfortable about the 
condition of the stream or their surroundings, they are to stop monitoring and 
leave the site at once. 

The following are some basic common sense safety rules. At the site: 
• Monitor with at least one partner if possible. Always let someone else 
know where you are, when you intend to return, and what to do if you don't come 
back at the appointed time. 
• Always have a functional cell phone.  Make certain that each member of a 
sampling group knows the location of the nearest medical center so that you can 
locate the center or direct emergency personnel as needed.  Each field crew 
should have directions to or GPS coordinates of other monitoring stations with 
them to assist emergency response location.  After the emergency has been 
taken care of, notify the Three Rivers RC&D office.  
• At least one member of each team shall have active Red Cross First Aid 
training. 
• Have a first aid kit handy. Know any important medical conditions of team 
members (e.g., heart conditions or allergic reactions to bee stings). Listen to 
weather reports. Never go sampling if severe weather is predicted or if a storm 
occurs while at the site. 
• Never cross private property without the permission of the landowner. 
Take along a business card, identification badge, or letter documenting your 
activities. 
• Watch for irate dogs, farm animals, wildlife (particularly snakes), and 
insects such as ticks, hornets, and wasps. Know what to do if you get bitten or 
stung. 
• Watch for poison ivy, poison oak, sumac, stinging nettle, and other types 
of vegetation in your area that can cause rashes and irritation.  
• Do not wade alone. Rocky-bottom streams can be very slippery and can 
contain deep pools; muddy-bottom streams might also prove treacherous in 
areas where mud, silt, or sand has accumulated in sinkholes. If you must cross 
the stream, use a walking stick to steady yourself and to probe for deep water or 
muck. Your partner(s) should wait on dry land ready to assist you if you fall.  
• Do not attempt to cross streams that are swift and above the knee in 
depth without taking proper precautions. Personal flotation devices shall be worn 
when wading in water deeper than two feet or at any time when there is a risk of 
drowning. When engaged wading activities the team should have a throwbag 
and be trained in its use. 
• Wear waders and rubber gloves in streams suspected of having significant 
pollution problems. After monitoring, wash your hands with soap. 
• Many sites are located on bridges that are not commonly used by 
pedestrians and your presence may be a surprise to motorists. If you are 
sampling from a bridge, be wary of passing traffic. Always take adequate 
precautions to warn vehicular traffic of your presence. At a minimum, this means 
setting up a sufficient number of safety cones on the shoulder of the road or 
bridge to warn oncoming traffic. Wear high visibility clothing when working along 
roads. 
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• Never lean over bridge rails unless you are firmly anchored to the ground 

or the bridge with good hand/foot holds.  

• If there is lightning in the area, stay out of contact with the water, avoid 

contact with bridges and stay away from tall trees. It is usually best to wait out a 

thunderstorm in your vehicle. 

When using chemicals: 

• Know your equipment, sampling instructions, and procedures before going 

out into the field. Prepare labels and clean equipment before you get started.  

• Avoid contact between chemical reagents and skin, eye, nose, and mouth. 

Never use your fingers to stopper a sample bottle (e.g., when you are shaking a 

solution). Safety glasses or safety goggles should be worn when performing any 

chemical test or handling preservatives. 

• Know chemical cleanup and disposal procedures. Wipe up all spills when 

they occur. Return all unused chemicals to your program coordinator for safe 

disposal. Close all containers tightly after use. Do not switch caps. 


A.8.3 Invasive Species 

Exotic species are an increasing threat to the structure of native communities 
and the function of aquatic and terrestrial ecosystems worldwide. Moreover, the 
economic impacts on agriculture, forestry, fisheries, power production, and 
international trade attributed to the introduction and spread of exotics has been 
estimated as $137 billion in the U.S. alone (Pimentel et al. 1999; Lovell et al. 
2006). Impacts of invasive species on U.S. fisheries alone have estimated 
impacts upwards of $5 billion (Pimentel et al. 2005). Although resource 
management agencies charged with the invasive management have largely 
focused on the control and reduction of existing populations, recent modeling 
efforts by Leung et al. (2002) suggest that strategies to prevent further spread of 
invasive species represent viable economic and ecologic decisions.  

The Portneuf River is now home to a number of non-indigenous aquatic species 
including the New Zealand mudsnail (NZMS). First documented in 2000 
(Gustafson 2003), this species is now recognized as a high priority for control by 
the Idaho Invasive Species Council (IISC 2007). In the Portneuf River densities 
as high as 300,000/m2 were documented and sites containing NZMS generally 
had lower overall macorinvertebrate richness and a reduced abundance of native 
invertebrate species (Hopkins 2007). Measures to prevent further spread of this 
species to adjacent or distant watersheds will be practiced as part of all routine 
monitoring efforts.  Guidelines for decontamination of field equipment are 
provided in Appendix M. 

A.9. Documentation and Records 

A fundamental purpose of the monitoring project is to collect, analyze and 
disseminate data on characteristics of the Portneuf River.  Project data include 
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handwritten and computer generated field notes, electronic data files from 
continuous monitoring equipment, and results of laboratory analyses.  Primary 
data are compiled, edited, entered into computer databases, and made available 
as archived databases and summary reports. 

All field data gathered in the monitoring program shall be recorded either in 
bound field notebooks or standardized data forms.  The primary data entries shall 
be photocopied on a regular (minimum monthly) basis to provide a backup copy. 
Hard copies of data shall be maintained at two separate locations, the Pocatello 
WWTF Laboratory and the IDEQ office. 

An information management system for the monitoring program shall be 
developed to include paper copies of field data notebooks and forms, laboratory 
analytical data, field instrument calibration notebooks, and electronic data 
collected from the continuous monitoring equipment. 

A summary of how project documents will be tracked, filed, and archived is 
provided in Table 4. 

Table 4. Summary of document and handling procedures for Portneuf 
Monitoring Project. 

Description BackUp  Archived/Storage Retention Period 
Field books or 
Field Data Forms 

Field books and forms 
photocopied and retained 
in binder 

Note 1 7 years 

Computer field 
notes 

Copied bi-monthly Note 1 7 years 

Chain of Custody 
Forms 

Kept with laboratory 
results 

Note 1 7 years 

Laboratory 
Notebooks 

Per Laboratory Quality 
Assurance Plan 

7 years 

Laboratory 
Results 

Entered to database.  Note 1 7 years 

Continuous 
Monitoring Data 

Copied to off-site server. Note 1 7 years 

Notes: 1. One copy retained at Pocatello WWTF Laboratory, Second Copy at IDEQ Office in Pocatello.  

Three Rivers RC&D is responsible for conducting a regular review and update of 
the QAPP, and will disseminate updated versions to those on the distribution list.  

B. DATA GENERATION AND ACQUISITION 

B.1. Sampling Process Design 

Lotic ecosystems, including the Portneuf River, are variable in both time and 
space. River characteristics often change radically from their headwaters to tail 
waters and therefore, multiple sampling locations are required to characterize 
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discharge, chemical and sediment loads. In order to capture the spatial variability 
of the Portneuf River, the Portneuf Basin Monitoring Project contains eight 
continuous monitoring locations; six locations are on the Portneuf River, one 
location is on Marsh Creek, its major tributary, and the remaining location is at 
the City of Pocatello’s WWTF outfall. Depth integrated samples are collected 
across the width of the channel, thereby addressing the spatial variability that 
may exist at the sample site.  An additional site, T2B is located approximately 0.2 
miles downstream of Batise Road and is monitored on a monthly basis only. 

Permanent monitoring sites are shown in Figure 2, with location information 
provided in Table 5. Monitoring stations have been situated at key locations to 
provide data on water quality conditions as follows: 

a) Upper Basin (Portneuf River at Topaz – Portneuf Marsh Valley 
Canal; Major irrigation diversion) 

b) Upper Basin Main Forks (Portneuf River above Marsh Creek and 
Marsh Creek below Walker Creek); 

c) Above Pocatello-Chubbuck urban area (Portneuf River at Edson 
Fichter) 

d) Below Pocatello-Chubbuck  urban area, above influence from 
springs (Highway 30 Trail), 

e) Above Pocatello WWTF (Portneuf River at Batise Rd) 
f) Below a portion of groundwater discharge to Portneuf River (T2B) 
g) Below Pocatello WWTF and Springs (Portneuf River at Siphon Rd) 
h) Outfall of Pocatello WWTF (this is monitored as part of the WWTF 

discharge permit) 

All monitoring sites have been georeferenced using Global Positioning Systems 
(Table 5). Locations have been archived and used to identify the specific 
sampling location at each station. For all sites located on private property, 
permanent access agreements have been developed and are on file at Three 
Rivers RC&D and IDEQ. Remaining sites are on public property and therefore, 
access to sites is guaranteed. 

A minimum of 10 samples per site, per year are taken (except at Highway 
30 Trail, which is an event-driven stormwater sampling station).  Batise, Siphon 
and Pocatello WWTF outfall generally do not freeze over during winter months 
and are normally sampled all year as indicated.  At these sites 12 samples are 
taken per year, while the remainder of the sites are sampled a minimum of 10 
times per year. Additional samples are taken during spring runoff or other event 
driven runoff as resources allow (Table 5), however these events vary seasonally 
and yearly. Therefore, sampling activities associated with runoff events are 
unpredictable. 
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Table 5. Constituents and Frequency of sampling for water quality 
monitoring stations. 

Monitoring Site Constituents Frequency of 
Sampling 

Other Sampling 

Portneuf River at Topaz I,N,S Monthly, March-Dec. Event-driven runoff 
Portneuf River above 
Marsh Creek 

I,N,S Monthly, March-Dec. Event-driven runoff 

Lower Marsh Creek I,N,S Monthly, March-Dec. Event-driven runoff 
Portneuf River at Edson 
Fichter 

I,N,S Monthly, March-Dec. Event-driven runoff 

Portneuf River at HWY 30 
Trail 

I,N,S Event-driven 
stormwater sampling 

Event-driven runoff 

Portneuf River at Batise 
Rd. 

I,N,S,FC Monthly, Jan.-Dec. Event-driven runoff 

T2B at Rowland’s I, N, S Monthly, Jan.-Dec. 
WWTF Outfall I,N,S,FC Monthly, Jan.-Dec. Event-driven runoff 
Portneuf River at Siphon 
Rd. 

I,N,S,FC Monthly, Jan.-Dec. Event-driven runoff 

Notes: 
1. Index to Constituents: I= (Alkalinity, Cloride, Sulfate, TDS); N=nutrients (ammonia, nitrate-nitrite, TKN, 
orthophosphorus, total phosphorus), S= (suspended solids, turbidity); FC= Fecal coliform.  See Table 8 for 
further information. 
2. E. coli sampling performed during synoptics when follow-up is possible.   
3. “Other sampling” refers to additional sampling activities associated with runoff events. Sampling for 
events has been generalized and may not reflect year-to-year variations in conditions. 

Temporal variability is common in stream ecosystems and this is especially true 
for rivers occurring in arid or semi-arid climates. For example, discharge in the 
Portneuf River ranges from nearly 500 cfs at high flows to below 50 cfs during 
base flow (Minshall and Andrews 1973). In addition to seasonal variations, diel 
changes in dissolved oxygen, pH, and suspended sediments are also common in 
river ecosystems. Continuous monitoring equipment captures daily, seasonal, 
and annual changes in several water quality constituents including temperature, 
dissolved oxygen, pH, specific conductance, and optical turbidity.  A combination 
of traditional sampling and continuous monitoring should adequately characterize 
water quality and any spatial or temporal variability associated with the 
constituents of interest. 
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Table 6. Locations of monitoring stations in the Portneuf Basin Monitoring Network 

Station Name Location Station 
No. 

River 
Mile 

Latitude 
North 

Longitude 
West 

a. Continuous Quality Monitoring Station 
Portneuf River at Topaz Portneuf Marsh Valley 

Canal Diversion 

48.9 

42.624394013 -112.117096506 

Lower Marsh Ck  below Walker Ck  42.782005269 -112.237091747 

Portneuf River above Marsh Ck 

33.5 

42.782320331 -112.230441791 

Portneuf River at Edson Fichter Edson Fichter Nature Area 22.5 42.822078058 -112.403604500 

Portneuf River at HWY 30 – Trail Bridge 13.5 42.906959574 -112.511025319 

Portneuf River at Batise Rd. Bridge 13.4 42.913303741 -112.519835010 

Portneuf River at Rowland’s – T2B Bob Rowland property 13.6 42.916172 -112.5206 

Portneuf River at Siphon Rd. Bridge 11.0 42.935166076 -112.544059610 

Pocatello Wastewater Treatment Facility Outfall 12.9 42.919574248 -112.521173484 

b. USGS Discharge Gauging Station 
Marsh Creek near McCammon 13075000 42.63 -112.22 

Portneuf River at Topaz, ID 13073000 55.5 42.624394013 -112.117096506 

Portneuf River at Pocatello, ID  Carson St. 13075500 16.8 42.871676476 -112.466944669 

Portneuf River near Tyhee, ID 13075910 9.8 42.944722222 -112.544166667 

Notes: Datum is NAD27, except T2B, which is WGS84 
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B.2. Sampling Methods 

The project involves standard techniques used to assess water quantity (Nolan 
and Shields, 2000) and water quality in surface waters (Shelton, 1994). These 
techniques consist of collection of water samples and data from established 
ambient monitoring stations with subsequent laboratory analysis. 

When sampling problems arise, the sampler is instructed to seek advice from his 
or her immediate supervisor for guidance in a hierarchical manner. Volunteers 
will seek the advice of technical staff, which in turn relies on the technical 
advisors (e.g. senior staff or water quality scientists) for direction. Problems are 
documented in field notes and electronic or hard copies are available for 
circulation. When problems arise in the field during sampling activities, the 
technical advisor provides oversight and determines whether to continue 
sampling while providing guidance and implementing corrective actions, or 
whether to discontinue sampling and contact other members of the PBMP and 
the QA manager. All correspondence involving problems follows this same 
hierarchical protocol. However, the QA Manager and other members of the 
PBMP are copied on the correspondence to ensure that members of the PBMP 
are kept abreast of problems relevant to the Portneuf Basin Monitoring Project.  
Electronic correspondence is encouraged and this provides relevant 
documentation that can be forwarded to all members of the PBMP. 

In addition, protocols have been developed to address reoccurring problems. 
These include topics such as how to record readings when the accumulation of 
macrophytes on continuous monitoring booms or freezing conditions may affect 
readings. Both conditions are common. Technical staff has been trained to 
address these situations independently of a supervisor. In either case, technical 
staff has been instructed to document conditions and circulate observations 
among technical staff members and the QA manager using existing protocols.   

B.2.1 Instrumentation – Continuous water quality monitors and discharge 

Water quality is measured continuously at eight Portneuf River monitoring 
stations using YSI 6-series environmental monitoring systems, including sondes 
and 650 Multi-parameter Display System (650 MDS) microcomputers.  The 
sonde (French for “probe”) is an electronic device that contains up to five 
different sensors that measure water quality constituents including temperature, 
specific conductance, DO, pH, and optical turbidity.  The 650 MDS are used for 
calibration and deployment of sondes (600XL, 6820, and 6920 models; see YSI 
6-SERIES Manual for complete descriptions of each model at WWW.YSI.COM, 
manual 069300B) and for field retrieval of logged data.  

Each of the eight stations has a Campbell Scientific data logger (CR500, CR10X, 
or CR800) for on-site data storage. Additionally, site telemetry allows data to be 
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transferred at frequent (1-2 hr) intervals to a monitoring system computer, which 
uploads data in raw form to an FTP site where it can be stored indefinitely. The 
telemetry system has numerous advantages, including facilitation of review of 
current performance of monitoring equipment on a daily basis.  Malfunctions of 
probes and sensors can be identified through review of trend charts maintained 
on the World Wide Web site. In the event of equipment problems with the 
telemetry system, data can be removed from data loggers using a laptop 
computer. 

River stage is monitored by USGS at four gauging stations located within the 
Portneuf Basin (see Table 5). In addition, river stage is measured continuously 
at four PBMP sites, Portneuf River above Marsh Creek, Portneuf River at Edson 
Fichter, Batise Road, and at Topaz in the Portneuf Marsh Valley Canal (PMVC). 

A general systems diagram of a typical continuous quality station is shown in 
Figure 3. Not all stations include all constituents shown. 

Figure 3. Systems diagram of continuous quality stations in Portneuf 
monitoring network. 
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B.2.2 Water Sampling 

A regular set of water samples is collected once each month at each monitoring 
site, with additional samples collected during wet weather/runoff events.  This 
sampling is conducted to provide a basis for estimation of bacterial, nutrient, and 
sediment loads in the Lower Portneuf River.  Figure 4 provides an overview of 
water quality monitoring for the Portneuf Basin. 

Field water quality (e.g., temperature, specific conductivity, DO, pH, and turbidity) 
is characterized in situ using YSI sondes at multiple locations on the cross 
section (minimum 3), including adjacent to the permanently mounted sonde 
enclosure during monthly sampling at each station.  This profile of field 
measurements is used as a guide to selecting an adequate number of depth 
integrated sampling locations for obtaining a representative sample for water 
chemistry analyses. The procedure for measuring field water quality parameters 
is given in Appendix I. 

Sample containers are provided by the analytical laboratories.  Bottles will be 
prepared and pre-packaged in plastic bags for each site by the Pocatello WWTF 
laboratory. 

Water sampling consists of depth-integrated samples collected across the width 
of the channel. A sample is collected that is representative of the cross sectional 
chemistry by using four to ten discrete in stream locations at each sampling site.  
The Equal Width Increment (EWI) method is used for all sampling unless 
otherwise noted (e.g. during high flows).The EWI Method requires equal spacing 
of a number of verticals across the cross section and an equal transit rate, both 
upward and downward at all intervals (Shelton 1994).  The procedure for 
collecting water samples is given in Appendix H. 

Samples are collected in wadeable flow conditions using a DH-81 Sampler 
(Federal Interagency Sedimentation Project, Vicksburg, Mississippi) affixed to a 
1-meter wading rod. During high flows, a suspension version (DH-76) of the 
depth-integrated sampler is used. At Portneuf River at Topaz and Siphon Road, 
a 3-meter stainless steel rod is attached to a 10-foot wooden pole and used to 
obtain depth-integrated samples.  Samples are composited and homogenized in 
an 8 or 14 L polyethylene churn sample splitter. The vertical transit rate is 
adjusted or a smaller nozzle is used to avoid overfilling the sampler when 
representing the entire stream depth.  Care is taken not to overfill the sample 
bottle because secondary circulation and enrichment of heavy particles can 
occur and bias the sample. 

Glass Mason jars or Teflon bottles are used with the DH-76 and DH-81 samplers.  
These bottles and the sample churn are rinsed with deionized water to prevent 
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contamination between subsequent samples.  All sample collection and splitting 
equipment are then triple rinsed with native water prior to sample collection.   

From the sample splitter, samples are collected in bottles provided by the 
laboratory. All bottles are clearly labeled with a waterproof marker.  Minimum 
information contains site identification, date, time, and initials of those taking the 
samples. 

Bacterial samples are collected from a grab sample and introduced directly into a 
pre-sterilized bottle containing sodium thiosulfate preservative. All samples are 
handled and preserved based on laboratory recommendations and following 
standard water quality sampling procedures (APHA 1998). 

Samples for orthophosphorus analysis are filtered as soon as practicable using a 
field filtration device, typically a 0.45 µM membrane filter syringe or vacuum 
filtration apparatus. This filtration is intended to separate soluble from particulate 
material thereby preserving the sample and arresting microbial activity.  Prior to 
filtration of the sample, the syringe and filter are rinsed initially with filtered 
sample water. This filtration step is done either immediately following sample 
collection or soon thereafter (e.g., within an hour or two).  Environmental factors 
such as subfreezing temperatures or an approaching thunderstorm might prevent 
immediate filtration in the field. 

B.2.3 DISCHARGE 

Discharge measurements are made at each of the monitoring stations with the 
exception of Siphon Road, and Highway 30, which are covered by the USGS-
maintained station for the Portneuf River at Tyhee, and the Batise site.  The 
Siphon Road Bridge is a poor location for measuring discharge due to backwater 
effects from the impoundment at Tyhee Irrigation Pumping Station.  However, it 
is the lowest downstream location accessible for monitoring before the river 
enters the Fort Hall Reservation. 

Discharge is measured monthly at T2B, Batise, Edson Fichter, Portneuf above 
Marsh Creek, and Lower Marsh Creek monitoring stations.  Discharge 
measurements are made at uniform stream sections on a permanently placed 
transect. When excessive growth is observed along the transect macrophytes or 
algae are removed from the transect and upstream.  Prior to discharge 
measurements at each monitoring station, a measuring tape is stretched 
perpendicular to the stream flow and used to divide the river into a minimum of 
20 increments. This ensures that no more than 5% of the cross sectional area is 
represented by each velocity measurement. If hydraulic irregularities are 
observed, additional increments are established to account for noticeable 
anomalies (Gore 1996). 
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When wadeable, velocities are measured using an electro-magnetic Marsh 
McBirney velocity meter affixed to a graduated, stainless steel, top-set wading 
rod (Nolan and Shields, 2000). Velocities are measured at a depth of 0.6 times 
the total depth with the rod resting on the bottom.  Measurements are adjusted 
using the vernier scale converter on the rod.  During elevated flows when wading 
is either unsafe or not possible, measurements are taken using a suspension fish 
weight, hand winch, and bridgeboard. When water depths exceed one meter, 
measurements are taken at 0.2 and 0.8 times the depth, and average velocity is 
reported. At depths greater than 2.5 ft (1 m), an additional velocity measurement 
is taken at 0.6 times the water depth when water velocity at 0.8 times water 
depth is > water velocity at 0.2 times water depth or water velocity at 0.2 times  
water depth is more than twice the water velocity at 0.8 times water depth.  An 
alternate method for measuring discharge is to use an Acoustic Doppler Channel 
Profiler (ADCP). A mean value obtained from a minimum of 4 measurements 
that vary < 5% is required when using an ADCP.  River stage or stilling well 
elevation is recorded at the time of depth and velocity measurements to provide 
the basis for stage-discharge relationships for each of the aforementioned 
monitoring stations. The procedure for measuring discharge is in Appendix G. 
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 Figure 4. Schematic of water quality samples collected from Portneuf River 
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B.3. Sample Handling and Custody 

Immediately following collection, water samples are preserved as necessary and 
placed in ice chests on ice to maintain sample temperature between 0 and 4° C 
for transport back to the laboratory. 

Many chemical constituents may change from the time of sample collection to 
analysis due to chemical, biological, and physical reactions.  Therefore samples 
for many constituents are stabilized by preservation.  Examples of preservation 
are refrigeration to minimize chemical change by biological activity and addition 
of acid to minimize transformations and precipitation.  Acid is provided by the 
laboratory in plastic vials that are color coded according to the bottle type.  Great 
care is taken to reduce the possibility of contaminating samples and equipment 
during the preservation process. Bottles that require no preservation are set 
aside in the shipping container. Personal protective equipment (e.g., glasses 
and gloves) is recommended when working with acids.  Glass containers are 
placed in padded sleeves to prevent breakage.  Chilled bottles are packed in a 
volume of ice equal to approximately twice the sample volume. 

The site name and date of collection are used as a sample identifier.  Pertinent 
data (e.g., station identification, date, time, analyses requested, sample 
preparation) are entered on Chain of Custody forms.  One form is filled out for 
each group of samples being billed to a particular agency.  Table 7 provides 
information on agencies or entities that are responsible for sample analyses for 
the various monitoring stations. Example Chain of Custody forms are provided in 
Appendix B. The chain of custody procedures are intended to ensure that 
sample integrity is maintained during all phases of sample handling and analysis, 
and that these procedures are documented with an accurate written record.  
Chain of Custody forms are completed by technical staff and supervised by the 
City of Pocatello Laboratory Coordinator. 

Samples are generally shipped to the contract laboratory (Energy Laboratories, 
Inc.) on the same day that they are collected.  Samples are shipped under chain 
of custody in sealed ice chests by overnight courier service.  Procedures for 
receiving, storing, and handling of samples in the laboratory are provided in the 
respective laboratory’s QAPP (City of Pocatello, 2004; Energy Labs, 2004). 
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Table 7. Responsibility for laboratory analyses of samples from the 
Portneuf Basin Monitoring Project. 

Station IDEQ Pocatello 
WWTF 

Pocatello 
Stormwater 

Three Rivers 

Portneuf at Topaz ● 
Portneuf above Marsh 
Ck. 

● 

Lower Marsh Creek ● 
Portneuf at Fichter ● 
Portneuf HWY 30 Trail ● 
Portneuf at Batise Rd. ● 
T2B ● ● 
Portneuf at Siphon Rd. ● 

B.4. Analytical Methods 

Constituents are listed in Table 8 and each is followed by the laboratory method 
of analysis, detection limits, and laboratory conducting the analysis. Energy 
Laboratories, Incorporated, is located at 1120 South 27th Street, Billings, 
Montana and the City of Pocatello Water Pollution Control laboratory is located at 
10733 North Rio Vista Road, Pocatello, Idaho. 

Method detection limits have been evaluated and selected to be consistent with 
monitoring program objectives. Only standardized laboratory procedures are 
used in this project.  Quality assurance procedures for laboratories are available 
in their respective quality assurance plans (City of Pocatello, 2004; Energy 
Laboratories, Inc., 2004). In addition, the laboratory equipment, regulatory 
citations and instruments needed for the procedures identified in Table 8 are 
provided in the respective laboratory’s QA plan.  In the event failures occur, the 
laboratory coordinator refers to the laboratory’s QA plan where appropriate 
corrective actions are described. 

A goal of the PBMP is to obtain analytical results from both laboratories (ELI and 
Pocatello WWTF) within two weeks of sample delivery. This schedule allows 
sufficient time for re-sampling during the same monthly sampling period in the 
event that problems arise.  Both laboratories have been able to comply with the 
desired turn around time (approx. 14 days). On average, Pocatello WWTF 
provides results from their analyses within 72 hours. Results are available in 
electronic form from ELI within 10 days of sampling. The Portneuf Basin 
Monitoring Project’s laboratory coordinator is in regular contact with personnel 
from ELI and in the event of any problems regarding sample storage or sample 
delivery, re-sampling activities can be initiated within days of the initial sampling. 
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Table 8. Laboratory Analyses of Portneuf River samples. 

Analysis Method 

Detection 
Limit  mg/L
(except where 

noted) 

Sample 
Volume 

(ounces) & 
Preservative 

If needed 

Sample 
Holding 

Time 
(days) 

Laboratoy 

Total Alkalinity 
bicarbonate, carbonate 

A2320 B 2 32a 14 ELI 

Chloride E300.0 1 32a 28 ELI 
Nitrogen, ammonia E350.1 0.05 32b; H2SO4 28 ELI 
Nitrogen, nitrate + nitrite E353.2 0.05 32b; H2SO4 28 ELI 
Nitrogen, total Kjeldahl E351.2 0.05 32b; H2SO4 28 ELI 
Nitrogen, filter total 
Kjeldahl 

E351.2 0.05 32b; H2SO4 28 ELI 

Phosphorus, 
orthophosphorus 

E365.1 0.004 8e; Filter 
immediately 

2 ELI 

Phosphorus, total E365.1 0.004 32b; H2SO4 28 ELI 
Sulfate E300.0 1 32a 28 ELI 
Solids, total dissolved A2540 C 10 32c 7 Pocatello 

WWTF 
Solids, total suspended A2540 D 2 32c 7 Pocatello 

WWTF 
Suspended Sediment 
Concentration 

A2540 D 
(see notes 
below)  

2 Volume 
varies based 
on turbidity 

Pocatello 
WWTF 

Turbidity A2130; E180.1 0.01 NTU 32d 2 Pocatello 
WWTF 

Fecal coliform A9222 D 1 colony 8e 0.25 Pocatello 
WWTF 

Esherichia coli A9222 E 1 colony 8e 0.25 Pocatello 
WWTF 

*Oil and Grease E1664A 1 32; H2SO4 28 ELI 
A = Standard Methods; E = EPA; ELI =Energy Laboratories, Inc.; WWTF = Wastewater 
Treatment Facility Lab; Like letters associated with sample volumes indicate that analyses are 
taken from the same sample container. All sample containers are cooled to 4C. Additional 
preservative is used where indicated (i.e. H2SO4 to pH<2). Preservation and holding times are 
taken from 40 CFR Ch. 1 Section 136.3. Volume adjusted for suspended sediment sample to 
allow filtration of entire sample.  
* SEE APPENDIX H 

B.5. Quality Control 

Obtaining accurate, representative, and defensible analytical data are the main 
functions of the sampling and analysis program on the Portneuf River.  The 
quality control (QC) program instituted by the PBMP can be divided into two 
components: field and laboratory.  Quality of the field data is assessed through 
routine QC calibration checks of continuous monitoring equipment as well as 
collection on a regular basis of field QC samples.  Laboratory QC samples are 
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analyzed in accordance with the laboratories QA requirements to ensure that 
analytical results are accurate and defensible. 

B.5.1. FIELD QUALITY CONTROL 

Quality control samples are collected to document quality of field samples and 
ensure they are consistent with program objectives.  Quality control samples 
consist of field blanks and field duplicates, as described below. 

Field Equipment Blanks –shall be collected at a rate of 5% of total samples 
collected. Field equipment blank samples shall be taken once every two months. 
Following completion of regular sampling, equipment shall be cleaned as typical 
between sites.  Deionized or otherwise pure water shall be placed in the churn by 
first pouring it into the teflon bottle, then in reverse through the teflon cap and 
nozzle, into the churn. Blank samples shall be labeled with unique identifiers that 
are not indicative of collection location or sample type; however, it is imperative 
that information clearly identifying these samples shall be recorded in field notes.  
Following analyses of duplicates, each blank’s results shall be noted and labeled 
as such, with the actual location and time of sampling in the data set.  Blanks 
specific to equipment (equipment blanks taken in the laboratory) shall be taken if 
field blank analyses indicate unacceptable contamination. 

Field Duplicates - shall be collected at a rate of 5% of total samples collected.  
Each replicate is an aliquot of native sample water from a splitter and is 
processed immediately after the primary sample using the same equipment, 
placed into the same type of bottle, and stored and shipped in the same way.  
Duplicate samples shall be taken every two months. Duplicate samples shall be 
taken from the same churn of water as the “regular” samples for that site, with 
the TSS or SSC samples taken prior to other samples.  Duplicate samples shall 
be labeled with unique identifiers that are not indicative of collection location; 
however, it is imperative that information clearly defining these samples shall be 
recorded in field notes. Following analyses of duplicates, each duplicate’s results 
shall be noted and labeled with the actual location and time of sampling in the 
data set. 

B.5.2. Quality Control of Continuous Monitoring Systems 

A variety of procedures are in place to assure the quality of data collected by the 
continuous monitoring system.  These include: 

Time: Data logger clocks are checked automatically every day and adjusted to 
be synchronous with the monitoring system server if found to differ by more than 
10 seconds. 
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Stage Level:  The stage reading of electronic level recorders is checked against 
manual/visual readings of stage level at the time of manual discharge 
measurements. 

Sonde Calibration: A critical part of the PBMP’s quality assurance program is to 
ensure that continuous monitoring instruments are providing reliable and 
accurate measurements of Portneuf River water quality.  To ensure that readings 
generated by data sondes are accurate, both at deployment and retrieval, an 
independently calibrated sonde is used to compare measurements of the data 
sonde in the water and only freshly calibrated sondes are deployed for extended 
periods. If readings from two sondes, both of which must have been calibrated 
successfully, are within the manufacturer’s specifications, then the readings can 
be considered accurate. These tolerance limits are listed in the Manufacturer’s 
Specifications column of Table 12. If any of the parameters exceed this 
difference that parameter will be excluded from the dataset to a time when 
readings were successfully verified using an independent instrument.  Rejection 
criteria for measurements made by the water quality sondes are discussed in 
Section B.10.3. and D.1. 

A goal of the PBMP is that sondes will be deployed at all monitoring stations 
during ice-free periods. Individual sondes are deployed for periods of 7 to 10 
days. At the end of a deployment period, the readings from field deployed sondes 
are subjected to independent verification with a freshly calibrated sonde (i.e. a 
sonde that has undergone calibration that same day).  Consistent readings 
between the sondes are followed by the retrieval of the resident sonde and 
deployment of the freshly calibrated sonde.  All replacement sondes will have 
been subjected to laboratory cleaning and calibration prior to any future 
deployment. One benefit of this type of verification and redeployment is that 
sondes rotate throughout the monitoring network and the chance that one sonde 
becomes a permanent resident of any one monitoring station is eliminated.  
Additionally, these verification and rotation schemes ensure that sonde readings 
are verified as frequently as sondes are rotated, averaging every seven to ten 
days. 

When inconsistencies are detected between the resident and replacement 
sonde, the magnitude of discrepancies between readings will be noted. In 
addition, if diagnostic variables (e.g. DO charge < 25 or > 75), indicate the fouling 
or damage to the sensor, readings taken during that deployment by the sensor in 
question should be eliminated during the immediate deployment period. In the 
event of such situations, the recently calibrated sonde can be deployed, but 
independent verification of readings must be accomplished by comparisons with 
another freshly calibrated sonde prior to acceptance of the parameter in 
question. Sondes deployed for longer than 14 days between calibrations will be 
reviewed carefully and readings be considered reliable only after independent 
verification from another freshly calibrated sonde. 
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Probes diverge from calibration for various reasons, including the following: 

� aging of the electrode; 
� damage or disruption to membranes such as formation of air bubbles; 
� fouling of the electrode by accumulated growth of organisms, called 

biofouling; 
� intrinsic drift away from calibration. 

A significant amount of time (typically two to four hours, including travel) is 
required each time a sonde is changed with a freshly calibrated unit.  Obviously, 
a goal of the monitoring program is to collect acceptable data 100% of the time, 
but it is not economical to recalibrate the sondes more frequently than is 
necessary. A seven to ten day deployment period has been found to strike an 
acceptable balance between economy, sonde performance, and data accuracy.  
If a continuous monitoring site experiences consistent problems with out-of
specification performance, the monitoring technician will shorten the deployment 
period to investigate the reason for the reduced duration of acceptable 
performance. In some instances (e.g., rapid fouling conditions due to high 
biological activity) it may be necessary to recalibrate sensors at least once a 
week (Wagner et al., 2000). Detailed calibration procedures are described in 
Appendix E. 

B.5.3. Laboratory Quality Control  

Procedures for laboratory QC for the two laboratories that support the PBMP are 
described in detail in their respective Quality Assurance Program documents; 
see City of Pocatello (2004) and Energy Laboratories Inc. (2004).  Laboratory QC 
samples are prepared and analyzed at the laboratories to assess analytical 
precision, accuracy, and representativeness.  These laboratory QC measures 
include method blanks, laboratory control samples (also called blank spikes), 
matrix spikes, matrix spike duplicates, and laboratory duplicate samples.  The 
method blanks provide information on the degree of contamination of field 
samples that may occur in the laboratory during sample preparation and 
analysis.  Blank spikes and laboratory duplicate analyses enable the laboratory 
to determine the accuracy and precision of the analytical system.  Analysis of 
matrix spike and matrix spike duplicates are standard laboratory practices for 
determining the suitability of an analytical method for a particular environmental 
sample matrix. Laboratory control and duplicate samples are generally analyzed 
at a frequency of ten percent of total samples submitted for analysis.   

B.5.4. Procedure for Exceedance of a Quality Control Limit - Field 
Component 

For the field component of the program, exceedances of quality control limits can 
be separated into stage/discharge monitoring and continuous quality monitoring.   
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Stage/Discharge Monitoring - A control limit exceedance is considered to have 
occurred if the logged stage measurement differs by more than 0.05 feet from 
that measured with the mechanical, visual, or electric staff gage.  An appropriate 
corrective response under such circumstances is to document conditions and 
then determine what factors (e.g., ice effects, siltation, macrophyte growth, loss 
of electrical power, etc.) may have caused the discrepancy.  With respect to 
discharge, QC limits may be exceeded if side-by-side evaluation of two velocity 
flow meters exceeds the manufacturer’s specifications for accuracy of the 
instruments. Once stage vs. discharge relationships are established for a 
gauging station, this correlation can be used to determine if a discharge 
measurement is outside the limit of acceptable quality.  The manual readings 
taken monthly at each station’s staff gage (less frequently under ice conditions) 
will be tabulated and compared against stage reading obtained by the automated 
level recording system.  The project data analyst will be responsible for 
comparing the difference between automated and manual readings, and initiating 
corrective action if stage readings diverge in excess of 0.05 ft.  Corrective action 
will consist of analysis of the situation by the field technician, along with an 
appropriate adjustment, if needed, of the level recorder offset in the data logger 
software. 

Continuous Quality Monitoring -   Acceptance criteria for continuous quality 
monitoring instruments and procedures to be followed in the event of 
exceedances of these criteria are provided in Sections B.5.2.  Implementing 
these QC criteria is primarily the responsibility of the project water quality 
technician, with assistance from the project scientists as needed.  Data quality is 
ensured during the field verification check of in situ instrument calibration against 
a freshly calibrated sonde. If the comparison of the in situ and QA sonde 
exceeds the acceptability criteria on a consistent basis, the protocol involves 
shortening the period between QA checks of probe calibration.  Effectiveness of 
control actions will be assessed by comparing the proportion of time sondes 
produce data meeting the quality objectives with the total duration of their 
deployment. 

B.5.5. Procedure for Exceedance of a Quality Control Limit - Laboratory 
Component 

Implementation of the laboratory component of the QC program is the 
responsibility of each laboratory. QC reports or data provided by the laboratories 
will be reviewed by the data analyst and project scientists for compliance with 
data quality objectives.  Should such evaluation reveal that control limits are 
exceeded; an inquiry will be initiated to determine the source of the problem.    
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B.6. Instrument / Equipment Testing, Inspection, and Maintenance 

Stations were designed to require minimal maintenance.  However, regular 
inspections are required for probe and staging calibration, and to ensure that 
stations function as intended. Examples of station maintenance are provided 
below. Spare sondes and probes, and discharge equipment are available for use 
at both City of Pocatello WWTF and the Pocatello Regional Office of IDEQ.   

B.6.1. Sonde Care and Maintenance 

During low flow conditions, macrophytes and filamentous algae can accumulate 
on the base of the sonde boom and can impact sonde readings.  Routine 
removal of nuisance plant and algal growth is carried out to minimize the effects 
of non-representative conditions. 

Sondes are removed from the river during prolonged periods of subfreezing 
daytime temperatures, when ice formation can damage the electrodes.  Booms 
can be removed from the river by employing the swivel attachment (see cover 
photo), and secured to the support structure (normally a bridge). This prevents 
accumulation of ice jams that could potentially affect sonde readings. 

Because flow conditions associated with thaw events can result in significant 
transport of suspended material, weather and river stage conditions are 
monitored closely for timely re-deployment of sondes to capture data during 
runoff. The Portneuf at Siphon Road station never experiences icing conditions 
because of the large influence of groundwater.  Therefore, continuous quality 
monitoring throughout the winter is possible and data may be recorded during 
events when sediment loads can increase. 

All data sondes are cleaned regularly following the manufacturer’s 
recommendations. Cleaning is usually initiated after removal of equipment from 
the river and prior to long-term storage or calibration.  The data sonde, and 
attached sensors, are stored in a calibration cup containing sufficient deionized 
water to create a saturated environment in the cup.  Long term storage will use 
methods prescribed in the YSI manual. These precautionary storage measures 
prevent drying and damage to the DO and pH sensors.  Spare and unused 
sensors are stored individually following manufactures recommendations (See 
Section 2.10.4 of YSI Environmental Monitoring Systems Manual).     

Software settings for all instruments are checked to verify that they are consistent 
among sites. Exceptions for variations from these settings should be documented 
and accompanied by an explanation for the deviation.  For example, settings 
affecting the way the turbidity sensors acquire data include data filter enabling, 
time constant, and threshold levels.  Uniformity among data sondes eliminates 
variations in readings that may be a response to any or all of the above settings.  
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As noted in Table 2, the monitoring technician is responsible for testing, 
inspection and maintenance of sondes. In the event of malfunction, equipment is 
returned to the manufacturer for repair or calibration. 

B.6.2. Gauging Station Level 

The monitoring technician is also responsible for testing, inspection and 
maintenance of discharge equipment. Accuracy of velocity meters are verified 
annually by technical staff.  Readings are verified using multiple flow meters and 
taking concurrent measurements under a range of flow conditions.  In the event 
of malfunction, equipment is returned to the manufacturer for repair or calibration. 

Gauging station level monitoring equipment consists of manually read staff gages 
and automated level monitoring equipment, either shaft encoder or pressure 
transducer. Maintenance of porcelain enamel staff gages involves periodic 
inspection for possible damage and brushing, if needed, to remove 
accumulations that may obscure the marked gradations.  Electric tape gages are 
maintained by ensuring sufficient charge of the 12-volt battery that powers the 
device. All level monitoring equipment selected for use on the Portneuf Basin 
Monitoring Project features a serial digital output (SDI) that minimizes the need to 
correct for errors related to data transmission between the instrument and the 
data logger/telemetry system.  The primary maintenance associated with the 
stilling well - shaft encoder system is ensuring free passage of water from the 
channel to the stilling well.  The connecting pipes between channel and stilling 
well, if present, shall be inspected regularly to ensure that they are not clogged 
by sediment or debris. Concurrent with discharge measurements, the technician 
will read the stage level to allow comparison with automated level recorder. 

B.7. Instrument/Equipment Calibration and Frequency 

All sondes are cleaned prior to calibration.  Calibrations are completed following 
manufacturer’s recommendations and are carried out in the laboratory. A detailed 
description of the calibration procedures is outlined in Appendix E.  Diagnostic 
information and pre- and post-calibration readings are recorded on the 
Calibration Worksheet; the worksheet is contained in Appendix F.  The 
calibration worksheet acts as a record of all calibrations and these sheets are 
stored in calibration folders and archived at the City of Pocatello’s WWTF.  
Appendix L provides a list of the calibrants used during routine calibrations and 
their associated vendors. 

All sondes are calibrated prior to deployment. Since individual sondes are 
deployed for periods of 7 to 10 days, it is likely that laboratory calibration of all 
sondes will occur at a similar frequency (see B10.3. Instrument Acceptance 
Criteria for details). If technical problems are encountered during calibration 
appropriate comments are recorded on the Calibration Worksheet.  It is often 
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necessary to field calibrate the DO sensor due to issues of temperature stability 
between the laboratory and monitoring stations where DO readings are being 
acquired (see Section 5.8 in the YSI Environmental Monitoring Systems Manual 
for a full discussion).  Field calibrations follow the same recommendations and 
procedures used in the lab and are performed when the sensor’s diagnostic 
parameters indicate that the sensor is in a reliable condition (i.e., DO charge in 
the range 25 - 75). 

When diagnostic parameters reflect problems with a sensor, these conditions are 
recorded and monitored during future calibrations. Sustained violations of the 
optimum function ranges for pH, DO, or conductivity sensors indicate the need 
for further maintenance or the replacement of the sensor in question.  Optimal 
ranges for each probe are described on the Calibration Worksheet (Appendix F). 

Barometric pressure for DO probe calibration is determined using the barometer 
that is built into the YSI 650 MDS. The PBMP has provided a pool of several of 
these instruments. On a quarterly basis the technician will cross check 
barometers on all the 650s to be sure they are reading within manufacturer’s 
specifications.  On an annual basis, the 650s will be taken to the National 
Weather Bureau station at the Pocatello Airport for a calibration check.   

B.8. Inspection / Acceptance of Supplies and Consumables  

A logbook is maintained with date of receipt and lot number, when applicable, for 
supplies such as pH buffers, calibration standards, and electrode maintenance 
kits. The primary concern on the Portneuf Basin Monitoring Project is that 
calibration buffers and standards are used within their viable periods (i.e., prior to 
expiration dates). 

Consumables critical to the regular calibration of continuous monitoring sondes 
are provided in Appendix L. The Portneuf Basin Monitoring Project laboratory 
coordinator or technical staff checks all standards upon delivery. The lot number 
and expiration dates are kept on record at the Pocatello WWTF or the IDEQ 
laboratory. Consumables are stored as specified by the manufacturer. Care is 
taken that consumables are used prior to the manufacture’s designated 
expiration date. 

B.9. Non-Direct Measurements 

Non-direct measurements include data used for project implementation that are 
obtained from measurement sources outside the monitoring program, such as 
computer data bases, literature sources and historical data bases.  The primary 
non-direct measurements for this project are discharge data collected by the 
USGS. The distinction between provisional and published USGS river discharge 
data is critical, and where possible project implementation will be based on 
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published results, which are those that have been reviewed for accuracy and 
have had final stage discharge rating curves applied. 

Other non-direct measurements are not major elements to this project.  
Therefore, key resources, support facilities, limits to validity and operating 
conditions are not described herein. 

B.10. Data Management 

A successful continuous monitoring program requires that detailed field notes 
and instrument logs are maintained (USGS 2000).  A detailed description of 
record-keeping and data storage and retrieval requirements is provided below. 
The QA Manager is responsible for ensuring that the data management scheme 
is executed as planned. 

B.10.1 Field Notes 

An essential part of quality assurance is the documentation of all field activities; 
records of fieldwork facilitate decisions made during the data processing and 
evaluation phases. Documentation of field conditions is required during sonde 
deployment, removal, and routine maintenance of monitoring stations. A detailed 
description of field notes is provided below. 

1. Documentation of pre- and post-deployment readings from all sensors 
provides necessary information for evaluation of instrumentation acceptance, and 
provides documentation regarding the consistency of readings between data 
sondes deployed in tandem. Pre-deployment readings are recorded manually 
from the 650 MDS interfaced with the calibrated replacement sonde. Post-
deployment readings (last measurement taken prior to sonde removal) are 
accessed from the server (see Figure 3) and represent the last uninterrupted 
sonde reading prior to replacement.  Additionally, a post-clean reading will be 
taken after the insitu sonde is removed and cleaned in the field.  This reading will 
enable personnel conducting Quality Assurance on the continuous data record to 
discern instrument drift from fouling issues and apply appropriate QA codes and 
Best Professional Judgment in data approval or rejection.   

2. Documentation of field calibrations, necessary for accurate 
measurement of DO assist in the acceptance and application of corrections to 
DO measurements from deployed sondes. 

3. Documentation of the removal of debris, including plants, algae, woody 
material, fish, and aquatic invertebrates and their casings must be noted. These 
materials are known to affect sensor readings and removal of such material must 
be properly noted for data evaluation purposes.  
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4. Documentation of field conditions (e.g. rain, snow, darkness) assists in 
interpreting anomalous measurements that may be accounted for due to 
environmental conditions associated with the time of data entry.   

5. Description of depth-integrated sampling at each site, including number 
of vertical replicates and the number of cross-sections employed. 

This list should not be considered comprehensive, but sets our minimum 
expectation of note collection for all field activities.   

B.10.2 Instrument Log 

A log of all activities associated with instrument calibration and maintenance is 
maintained at Pocatello WWTF or the Pocatello office of IDEQ. This log provides 
a history of calibrations, sensor changes, and repairs for each instrument used in 
the acquisition of water quality information for the Portneuf River. Calibration 
solution records (lots, dates of use) are maintained to assure standards are 
traceable. Records of instrument maintenance will be kept in a looseleaf binder 
in the laboratory at the Pocatello WWTF or the Pocatello office of IDEQ.  This 
information will be entered on the Equipment Maintenance form (See Appendix 
J). 

B.10.3 Water Quality Data Handling Procedures  

Evaluation of raw data files is necessary to ensure that transfer of raw instrument 
readings to a form for public display occurs in a manner that is scientifically 
defensible. Our goal is to perform rigorous evaluation of raw data files and 
eliminate erroneous or unreliable information from our datasets. 

The data management scheme for Portneuf River water chemistry results is 
depicted in Figure 5. Field and laboratory data are entered into a database, 
which is maintained on an Excel spreadsheet.  Data entry is validated by 
comparing the spreadsheet entries against the original data sheets.  A set of 
trend plots is then updated and checked for outliers.  The updated data file is 
then posted on the project web site. 
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Figure 5. QA review and data management procedure for water chemistry 
data 

The data management scheme for Portneuf River continuous water quality 
results is depicted in Figure 6. Constituents monitored at stations are plotted on 
trend plots maintained on the project web site; these plots are updated 
automatically every two hours. The river monitoring technician reviews these 
trend plots on a daily (5 days per week) basis as part of the routine maintenance 
check of the stations. 
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Figure 6. Quality assurance procedure for continuous monitoring data 

An example of the file produced by the data loggers is given in Table 9.  The 
shaded portion of the plot represents the QA entry fields for each measured 
constituent. These QA entry fields provide a means to grade the characteristics 
of the constituents in each record. Table 10 shows the data grading scales 
applied to the data from the continuous monitoring sondes. 
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Table 9. Example data file produced from the Portneuf monitoring station network.  

The shaded portion on the right side of the file represents the QA coding produced by the data logger. 
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45 2003 73 510 13.09 10.27 0.71 85.7 9.59 50.2 8.32 31.6 0.215 0 0 0 0 0 0 
45 2003 73 520 13.09 10.27 0.708 86.3 9.66 49.2 8.32 33 0.222 0 0 0 0 0 0 
45 2003 73 530 13.09 10.27 0.708 85.7 9.59 50.2 8.31 34.4 0.229 0 0 0 0 0 0 
45 2003 73 540 13.08 10.27 0.708 85.4 9.56 49.2 8.32 36.1 0.236 0 0 0 0 0 0 
45 2003 73 550 13.08 10.27 0.707 85.3 9.54 50.2 8.32 39.2 0.243 0 0 0 0 0 0 
45 2003 73 600 13.08 10.26 0.706 85 9.51 49.2 8.32 42.6 0.25 0 0 0 0 0 0 
45 2003 73 610 12.99 10.26 0.705 84.9 9.5 50.2 8.32 49.1 0.257 0 0 0 0 0 0 
45 2003 73 620 12.87 10.25 0.704 85.4 9.56 49.2 8.32 54.3 0.264 0 0 0 0 0 0 
45 2003 73 630 13 10.25 0.704 84.8 9.49 49.2 8.31 62 0.271 0 0 0 0 0 0 
45 2003 73 640 13.03 10.24 0.703 85 9.52 50.2 8.32 71.6 0.278 0 0 0 0 0 0 
45 2003 73 650 13.04 10.23 0.702 85.6 9.59 49.2 8.31 80.4 0.285 0 0 0 0 0 0 
45 2003 73 700 13.05 10.22 0.701 85.5 9.59 49.2 8.31 88.8 0.292 0 0 0 0 0 0 
45 2003 73 710 13.05 10.21 0.7 85.2 9.55 49.2 8.31 101 0.299 0 0 0 0 0 0 
45 2003 73 720 13.05 10.2 0.7 85.2 9.55 49.2 8.3 103.9 0.306 0 0 0 0 0 0 
45 2003 73 730 13.06 10.19 0.699 85.7 9.61 49.2 8.3 115.2 0.313 0 0 0 0 0 0 
45 2003 73 740 13.07 10.18 0.698 85.1 9.54 49.2 8.31 117 0.319 0 0 0 0 0 0 
45 2003 73 750 13.12 10.17 0.698 84.9 9.52 49.2 8.3 113.3 0.326 0 0 0 0 0 0 
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Table 10. Data grading scales for continuous monitoring data. 

Data QA Grade Description 
0 Default entered by data logger 
1 Excellent 
2 Good 
3 Fair 
4 Poor 
8 Rejected – outside of tolerance limits 
9 Data rejected by mathematical filter 
10 Data rejected by professional judgment 

C.  ASSESSMENT AND OVERSIGHT 

The network of continuous monitors and monthly field sampling is providing 
necessary background information on the quality of water in the Portneuf River.  
These data will assist in the implementation and refinement of the Portneuf River 
TMDL. The availability of such data, which can be accessed at 
WWW.PORTNEUFRIVER.ORG or from one of the PBMP partners, has resulted in a 
renewed interest in the Portneuf River and its water quality. Collaborations 
between scientists representing agencies, universities, and tribes have been 
established since the implementation of this project and these parties will benefit 
from the successful accumulation of information collected using this original 
network of continuous monitors. 

C.1. Assessment and Response Actions 

Assessment activities are critical to the successful implementation of the quality 
assurance program. The following table describes the assessment activities for 
the Portneuf Basin Monitoring Project QAPP including frequency, responsible 
individual, and additional participants.  
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Activity Frequency Responsible 
Individual 

Additional 
Participants 

Authority 
to Issue 
Stop 
Work 
Orders 

Review Quality 
Assurance 
Project Plan 

Annual QA Manager Data Analyst 
Technical Editor 
Project Scientists 
Project Manager 
Stakeholders 

n/a 

Self 
Assessment of 
Compliance 
with QAPP 

Annual QA Manager Project Scientists, 
Project Manager 
Stakeholders 

n/a 

External 
Quality 
Assurance 
Audit 

Once every 
3 years 

QA Manager Project Scientists 
Project Manager 
Stakeholders 
External Agency 

n/a 

The basic process for producing QAPP Annual Assessment reports will consist of 
the following: 

1. Conduct planning meeting to discuss changed needs or developments 
since last assessment report. 

2. Contributors are assigned assessment tasks. 
3. Conduct assessment and draft individual sections. 
4. Compile into draft report. 
5. Team reviews draft report. 
6. Report circulated for review. 
7. Final report completed. 

Corrective actions identified in the report will be discussed by the Technical 
Advisory Committee of the PBMP, with responsibility designated to individuals for 
corrective action. Corrective actions will depend on the type and severity of the 
finding. Deficiencies will be addressed by a process involving the following 
steps: 

1. Assign an individual to be responsible for problem investigation and 
documentation, 

2. Clearly identify the problem and when and how it developed,  
3. Suggest corrective action to eliminate or reduce the problem, 
4. Develop a schedule for implementing corrective action, 
5. Assigning an individual responsible for implementing the corrective 

action, 
6. Verify that corrective action has eliminated the problem 
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The PBMP shall correct any deficiencies in the program within three months after 
they are identified. Corrective action will be described in an addendum to the 
Annual Self-Assessment Report.  Either the Regional Water Quality Manager of 
IDEQ, or someone designated by the Water Quality Manager, shall be 
responsible for verifying that this corrective action has been accomplished. 

C.2. Reports to Management 

An assessment report shall be distributed regularly to sponsoring agencies and 
other interested stakeholders. 

D. DATA VALIDATION AND USABILITY 

D1. Data Review, Verification, and Validation 

This Section describes the criteria that should be used for accepting, rejecting, or 
qualifying project data.  The EPA Requirements for QA Project Plans (EPA 
QA/R-5) have specific, rather specialized definitions for the terms verification and 
validation. 

Verification concerns the process of examining a result of a given activity to 
determine conformance to the stated requirements for that activity.  It is the 
process of evaluating the completeness, correctness, and conformance of a data 
set against the method, procedural, or contractual specifications. 

Validation concerns the process of examining whether a specific requirement 
such as quality of data is being fulfilled.  It is an analyte- and sample-specific 
process that extends the evaluation of data beyond method, procedural, or 
contractual compliance to determine the analytical quality of a specific data set 
(EPA, 2002). 

The continuous monitoring program has been designed with multiple approaches 
to identify and eliminate questionable or unacceptable data and these include:  
A) the regular updating of plots on the web site enables us to scan trends for 
problems with the probes or other instrument problems or anomalies,  B) the 
regular calibration of sondes allowing assessment of data collected since the last 
probe calibration to be flagged for possible rejection if the sensor is outside of 
calibration during the routine check, C) the coding of data files with measures of 
quality assurance allows the suspect portions of the data record to be easily 
flagged and filtered if it is determined to not meet the acceptance criteria, and  D) 
the production of trend plots reviewed prior to data acceptance to aid in the 
identification of suspect data. 

The USGS has established a system of quality rating for continuous water quality 
records (Table 11). Ratings of continuous monitoring data follow a tiered 
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approach and are described as being excellent, good, fair, or poor.  In this 
system an “excellent” rating is equivalent to the manufacturer’s specifications for 
calibration of the electrodes (see Table 11).  The USGS employs a general 
procedure in which any data that exceeds the calibration criteria by a factor of ten 
is rejected as exceeding the “maximum allowable limits” except for DO and 
turbidity which are more stringent. The manufacturer’s specifications for 
calibration and the maximum allowable limits for the USGS are compared in 
Table 12. Table 12 also includes, the maximum allowable limits adopted for the 
PBMP, which are equal to the USGS’ maximum allowable limits.   

Data from field checks of continuous monitoring sondes are entered into a 
database that is merged with logged data and compared in order to assign a data 
grade to each measurement for each parameter (Table 10). Alternatively, 
readings from the replacement sonde may be compared with the in situ sonde 
just removed prior to placement of the new sonde and QA ratings assigned 
based on differences between the two. Data is also subjected to a mathematical 
filter that flags questionable data when it varies from the trend of continuous data 
by more than a pre-established amount or lines of data are recognized as 
repeats. These procedures are used in calculating these data grades and 
filtering data are summarized in Appendix J. 
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Table 11. Rating continuous water quality records 

Measured physical 
property 

QA Grade 

Excellent 

1 

Good 

2 

Fair 

3 

Poor 

4 

Water temperature ≤ ± 0.2 ° C > ± 0.2 to 0.5 ° C > ± 0.5 to 0.8 ° C > ± 0.8 ° C to ± 2.0 ° C  

Specific Conductance ≤ ± 3 % > ± 3 to 10 % > ± 10 to 15 % > ± 15 % to ± 30 % 

Dissolved oxygen ≤ ± 0.3 mg/L or > 
± 5%, whichever 
is greater 

> ± 0.3 - 0.5 mg/L or > 
± 5 - 10%, whichever is 
greater 

> ± 0.5 - 0.8 mg/L or > 
± 10-15%, whichever is 
greater 

> ± 0.8 or > ± 15%, whichever is greater 

> ± 1.0 mg/L to ± 20% if DO ≥10.0 mg/L 

pH ≤ ± 0.2 unit > ± 0.2 to 0.5 units > ± 0.5 to 0.8 units > ± 0.8 units to ± 2.0 units 

Turbidity ≤ ± 0.5 turbidity 
units or ≤ ± 5 %, 
whichever is 
greater 

> ± 0.5 – 1.0 turbidity 
units or > ± 5 - 10%, 
whichever is greater 

> ± 1.0 - 1.5 turbidity 
units or > ± 10 - 15%, 
whichever is greater 

> ± 1.5 turbidity units or > ± 15 %, whichever 
is greater  

Notes: Table modified from Wagner, et.al. 2000. WRIR 00-4252, Table 18. 
1. Data Grade Shown in Bold.  
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Table 12. A comparison of manufacturer’s specifications, USGS allowable limits, and rejection criteria for data from 
continuous water quality monitoring sensors. 

Reject 
8 

Constituent Manufacturer’s 
Specifications a 

Maximum Allowable 
Limits (USGS) b 

Rejection Criteria for 
Portneuf River 

Water temperature ± 0.15 ° C > ± 2.0 ° C > ± 2.0° C 

Specific Conductance  ± 0.5 % of reading + 
0.001 mS/cm (range 
dependent) 

> ± 30 % > ± 30% 

Dissolved oxygen ± 0.2 mg/L or ± 2%, 
whichever is greater 

> ± 2.0 mg/L or ± 20%, 
whichever is greater 

> ± 2.0 mg/L or ± 20%, 
whichever is greater 

pH ± 0.2 units > ± 2.0 units > ± 2.0 units 

Turbidity > ± 5% or 2 NTU 
whichever is greater 

> ± 3.0 turbidity units or  
± 30%, whichever is 
greater 

> ± 3.0 turbidity units or      
± 30%, whichever is 
greater 

Notes: a YSI Incorporated 6-Series Environmental Monitoring Systems Operations Manual.  
b Wagner, et.al. 2000.   WRIR 00-4252, Table 17. 
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Data Review 

All data collected and analyzed in the Portneuf Basin Monitoring Project will be 
reviewed to check for errors in transcription, calculation, or input to spreadsheets 
or computer databases. Data generated by the cooperators will be subject to the 
following general validation procedures: 

� Data hand-entered into a database or spreadsheet will be verified for 
accuracy by (1) printing the spreadsheet and proofreading against the 
original hand entry or by (2) entered into the database and compared 
by a different person for accuracy. 

� Electronic calculations will be checked by the technical staff at a 
frequency sufficient to ensure the accuracy of the calculations. All data 
reduction algorithms will be verified for accuracy prior to submission. 

� Electronically generated data will be reviewed in graphical form to 
ensure that the data are complete, accurate, and technically 
reasonable. Project senior scientists, either manually or by computer 
algorithm, will review the removal of outliers. 

� Analytical results and supporting data will be reviewed to ensure that 
the data are complete, accurate, and technically sound.  A project 
senior scientist will be responsible for conducting data verification 
procedures to ensure that published data are accurate, complete, and 
scientifically reasonable.  Missing or suspect data will be explained or 
identified by data qualifiers given in the database. 

D.2. VERIFICATION, AND VALIDATION METHODS 

The specific review steps are given as follows, grouped by data type: 

Continuous Monitoring Data 

� Data are downloaded on a regular basis and trend charts are 
maintained on the web site. 

� Trend charts are reviewed on a daily basis, if possible, to identify 
instrumentation problems such as probe calibration or fouling. 

� Date and time ranges considered anomalous are noted including the 
reasons why. 

� QA codes are entered into the appropriate field of the data file so that 
known problems and malfunctions are identified. 

� Data are considered anomalous when:   
o	 sensors are obstructed or operational requirements were not 

met, and therefore equipment was reporting incorrect data  
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o	 data spikes during the exchange of instruments or during a 
performance evaluation, 

o	 periods when instruments are known to be out of calibration 
� Data are not removed from the primary data set, only screened using 

appropriate entries in the QA fields. 
� Information from field forms and calibration logs is entered. 
� A careful graphical review of the data is performed. 
� Data that are not acceptable, including data that are noted as 

anomalous are rejected. 
� All modifications and limitations of the data are noted in comment 

fields. 

Water Chemistry Data 

� Results from analytical laboratories, including chain of custody forms, 
are reviewed for completeness. 

� Analytical results are entered to the database either by importing 
electronic files or hand entry. New entries are checked by 
proofreading a printed copy against the original hand entry or through 
a computational comparison. 

� Careful graphical review of the data is performed. 
� When data appear to be anomalous or outside of expected ranges, 

possible causes are investigated (e.g., laboratory or database entries, 
atypical conditions at the time of sampling, etc.).  

� Data are rejected only in the event of known sources of contamination.  
� Modifications to the data are noted in comment fields. 

Project staff will be responsible for conducting data verification procedures to 
ensure that published data are accurate, complete, and scientifically reasonable.  
Missing or suspect data will be explained or identified by data qualifiers given in 
the database. A project senior scientist will approve the data before it is 
published. All data and reports will be available for data users on the project web 
site. Table 13 shows the schedule for data evaluation. 
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Table 13. Schedule for data evaluation, validation, publication and final 
archiving of data collected for the Portneuf Monitoring Program 

Item Target Schedule 
 (days after sampling) 
Water Chemistry Data 

Receive results from laboratory 14 
Enter results into data base, 21 
Update trend plots/screen for 
outliers 

180 

 Review results 90 
Post quarterly results on web 90 

 Annual review 180 

Continuous Monitoring Data 
Review daily trend charts for 
maintenance needs 

1-3 

Monthly quality control review, 
assignment of quality ranks 

45 

Posting of monthly data files 60 
 Annual review 366 

Following data evaluation and making of any appropriate corrections, the data 
are verified and rated for quality. Data that cannot be verified or are rated as 
unacceptable are not published or distributed; they are however retained and 
archived. 

D.3. Reconciliation with User Requirements 

On an annual basis, the PWP Technical Committee will evaluate the data 
collection program to assess the extent to which data collected by the monitoring 
program conform to user needs.  The verification and validation process will be 
documented in an annual monitoring report that will include recommendations for 
modification of the program. The technical advisory committee for the monitoring 
program will be responsible for evaluating whether the data requirements are 
being met. 

Project results will be compared against data quality objectives.  The technical 
advisory committee for the monitoring program will be responsible for this 
evaluation. The committee is also responsible for evaluating the uncertainty of 
the validated data and how limitations on the data are reported.   
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APPENDIX A –  STATE OF IDAHO SURFACE WATER QUALITY CRITERIA 

58.01.02.250. SURFACE WATER QUALITY CRITERIA FOR AQUATIC LIFE 
USE DESIGNATIONS. 
01. General Criteria. The following criteria apply to all aquatic life use 

designations. Surface waters are not to vary from the following characteristics 

due to human activities: (3-15-02) 

a. Hydrogen Ion Concentration (pH) values within the range of six point five (6.5) 

to nine point zero (9.0); (3-30-01) 

b. The total concentration of dissolved gas not exceeding one hundred and ten 

percent (110%) of saturation at atmospheric pressure at the point of sample 

collection; (7-1-93) 

02. Cold Water. Waters designated for cold water aquatic life are not to vary 

from the following characteristics due to human activities: (3-15-02) 

a. Dissolved Oxygen Concentrations exceeding six (6) mg/l at all times. In lakes 

and reservoirs this standard does not apply to: (7-1-93) 

i. The bottom twenty percent (20%) of water depth in natural lakes and reservoirs 

where depths are thirty-five (35) meters or less. (7-1-93) 

ii. The bottom seven (7) meters of water depth in natural lakes and reservoirs 

where depths are greater than thirty-five (35) meters. 

iii. Those waters of the hypolimnion in stratified lakes and reservoirs. (7-1-93) 

b. Water temperatures of twenty-two (22) degrees C or less with a maximum 

daily average of no greater than nineteen (19) degrees C. (8-24-94) 

c. Temperature in lakes shall have no measurable change from natural 

background conditions. Reservoirs with mean detention times of greater than 

fifteen (15) days are considered lakes for this purpose. 

(3-15-02) 

d. Ammonia. The following criteria are not to be exceeded dependent upon the 

temperature, T (degrees C), and pH of the water body: (3-15-02) 

i. Acute Criterion (Criterion Maximum Concentration (CMC)). The one (1) hour 

average concentration of total ammonia nitrogen (in mg N/L) is not to exceed, 

more than once every three (3) years, the value calculated using the following 

equation: (3-15-02) 

ii. Chronic Criterion (Criterion Continuous Concentration (CCC)). (3-15-02) 

(1) The thirty (30) day average concentration of total ammonia nitrogen (in mg 

N/L) is not to exceed, more than once every three (3) years, the value calculated 

using the following equations: (3-15-02) 

(a) When fish early life stages are likely present: (3-15-02) 

(b) When fish early life stages are likely absent: (3-15-02) 

(2) The highest four-day (4) average within the thirty-day (30) period should not 

exceed two point five (2.5) times the CCC. (3-15-02) 

(3) Because the Department presumes that many waters in the state may have 

both spring-spawning and fall-spawning species of fish present, early life stages 

of fish may be present throughout much of the year.  Accordingly, the 

Department will apply the CCC for when fish early life stages are present at all 

times of the year unless: (3-15-02) 
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(a) Time frames during the year are identified when early life stages are unlikely 

to be present, and (3-15-02) 

(b) The Department is provided all readily available information supporting this 

finding such as the fish species distributions, spawning periods, nursery periods, 

and the duration of early life stages found in the water body; and (3-15-02) 

(c) The Department determines early life stages are likely absent. 

e. Turbidity, below any applicable mixing zone set by the Department, shall not 

exceed background turbidity by more than fifty (50) NTU instantaneously or more 

than twenty-five (25) NTU for more than ten (10) 

consecutive days. (8-24-94) 

f. Salmonid spawning: waters designated for salmonid spawning are to exhibit 

the following characteristics during the spawning period and incubation for the 

particular species inhabiting those waters: (7-1-93) 

i. Dissolved Oxygen. (8-24-94) 

(1) Intergravel Dissolved Oxygen. (8-24-94) 

(a) One (1) day minimum of not less than five point zero (5.0) mg/l. (8-24-94) 

(b) Seven (7) day average mean of not less than six point zero (6.0) mg/l. (8-24
94) 

(2) Water-Column Dissolved Oxygen. (8-24-94) 

(a) One (1) day minimum of not less than six point zero (6.0) mg/l or ninety 

percent (90%) of saturation, whichever is greater. (8-24-94) 

ii. Water temperatures of thirteen (13) degrees C or less with a maximum daily 

average no greater than nine (9) degrees C. (8-24-94) 

03. Seasonal Cold Water. Between the summer solstice and autumn equinox, 

waters designated for seasonal cold-water aquatic life are not to vary from the 

following characteristics due to human activities. For the period from autumn 

equinox to summer solstice the cold water criteria will apply: (3-15-02) 

a. Dissolved Oxygen Concentrations exceeding six (6) mg/l at all times. In lakes 

and reservoirs this standard does not apply to: (4-5-00) 

i. The bottom twenty percent (20%) of water depth in natural lakes and reservoirs 

where depths are thirty-five (35) meters or less. (4-5-00) 

ii. The bottom seven (7) meters of water depth in natural lakes and reservoirs 

where depths are greater than thirty-five (35) meters. (4-5-00) 

iii. Those waters of the hypolimnion in stratified lakes and reservoirs. (4-5-00) 

b. Water temperatures of twenty-six (26) degrees C or less as a daily maximum 

with a daily average of no greater than twenty-three (23) degrees C. (3-30-01) 

c. Temperature in lakes shall have no measurable change from natural 

background conditions. 

Reservoirs with mean detention times of greater than fifteen (15) days are 

considered lakes for this purpose. (3-15-02) 

d. Ammonia. Concentration of ammonia are not to exceed the criteria defined at 

Subsection 250.02.d. (3-15-02) 
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251.SURFACE WATER QUALITY CRITERIA FOR RECREATION USE 
DESIGNATIONS. 
01. Primary Contact Recreation. Waters designated for primary contact 
recreation are not to contain E.coli bacteria significant to the public health in 
concentrations exceeding: (4-5-00) 
a. For areas within waters designated for primary contact recreation that are 
additionally specified as public swimming beaches, a single sample of two 
hundred thirty-five (235) E. coli organisms per one hundred (100) ml. For the 
purpose of this subsection, “specified public swimming beaches” are considered 
to be indicated by features such as signs, swimming docks, diving boards, slides, 
or the like, boater exclusion zones, map legends, collection of a fee for beach 
use, or any other unambiguous invitation to public swimming. Privately owned 
swimming docks or the like which are not open to the general public are not 
included in this definition. (3-15-02) 
b. For all other waters designated for primary contact recreation, a single sample 
of four hundred six (406) E.coli organisms per one hundred (100) ml; or (3-15-02) 
c. A geometric mean of one hundred twenty-six (126) E.coli organisms per one 
hundred (100) ml based on a minimum of five (5) samples taken every three (3) 
to five (5) days over a thirty (30) day period. (4-5-00) 
02. Secondary Contact Recreation. Waters designated for secondary contact 
recreation are not to contain E.coli bacteria significant to the public health in 
concentrations exceeding: (4-5-00) 
a. A single sample of five hundred seventy-six (576) E.coli organisms per one 
hundred (100) ml; or (4-5-00) 
b. A geometric mean of one hundred twenty-six (126) E.coli organisms per one 
hundred (100) ml based on a minimum of five (5) samples taken every three (3) 
to five (5) days over a thirty (30) day period.  (4-5-00) 
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APPENDIX C –  PORTNEUF RIVER MONITORING FIELD DATA FORM 

Field Form Front Side 

Portneuf River Project 
Continuous Water-Quality Monitoring Field Form 

Station  Inspected By 

Date *Time 

Weather: Rain Mist  Sleet  Snow  Dry  Cloudy  PtCloudy  Overcast  Clear
 

Air Temp (F) Est. Wind (mph) 

Boom Position: Up Down Debris: Heavy Med Light None Type:
 
Comments: 


Insitu Sonde  Replacement Sonde  Field QA Sonde 

Model Model Model 

Nickname     Nickname                       Nickname 

Internal log stopped    Internal log  filename___________ 

*Time Retrieved     *Time Retrieved ___ 

Dissolved Oxygen Calibration Record 
Replacement Sonde Field QA Sonde 

Parameter RS 232 On RS 232 Off 

Time 

Barometric Pressure 
(mmHg) 

Dissolved Oxygen (%) 

Dissolved Oxygen Charge 

Dissolved Oxygen Gain 

* Time recorded here is not corrected to standard time during daylight savings time period. Times recorded during daylight savings time must be adjusted when entering data 
into QA forms. 
Notes: 
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Field Form Back Side 

Field QA Sonde 

Parameter QA Field Value 

Time 


Temperature (C) 


SC (mS/cm2) 


DO (%) 


DO (mg/L) 


DO Charge 


pH (units) 


Turbidity (NTU) 


Stage Height 

Time: ____________ 

Float: 


Electric: _______________
 

Staff: 


*All stage measurements are recorded using units of feet unless indicated above 


Notes 
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APPENDIX D –  CHAIN OF CUSTODY FORMS 

Portneuf River QAPP         Revision 5.1 
1 November 2009 

66 



 
                                                          

  

   

                        

                                         

          
                                      

                                                  
 

    

                           
    

 

 
                                                             

 
                                                                                         

             

 

             

                   

                   

                   

                   

                   

                   

                   

                   

                   

                   

                   

      

           

 

    

 
 
                                                                                         
                                                                                
 

                                                                                                                                           
 
                      
 
 
                         

 DATENAME:   Pocatello Water Pollution Control 
ADDRESS: PO Box 4169 
Pocatello Idaho 83205-4169 TESTS TO PERFORM 

ATTENTION: Candice Hurt 
TELEPHONE/FAX: (208)234-6256 / 237-3927 

SAMPLER: 

SIGN: 

PRINT: 

NO. 

C 
O 
N 
T 
A 
I 
N 
E 
R 
S 

OBSERVATIONS, 
COMMENTS, 

SPECIAL 
INSTRUCTIONS 

TYPE SAMPLE ID DATE TIME M K 

1.  USE ONE LINE PER SAMPLE 
2.  INDICATE SAMPLE TYPE (C)COMPOSITE OR     
(G) GRAB . 
3.  BE SPECIFIC IN TEST REQUESTS. 
4.  CHECK OFF TEST TO BE PERFORMED FOR     
EACH SAMPLE. 

RELINQUISHED BY (SIGN AND PRINT) 
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APPENDIX E –  CALIBRATION PROCEDURE FOR YSI 6 SERIES WATER QUALITY SONDES 

SONDE CALIBRATION 

The sonde, probes, and calibration cup should be clean and rinsed free of debris and 
field water. Connect the sonde to a 650 MDS or computer with Ecowatch software 
installed. Select sonde menu/calibrate.  NEVER accept an “out of range” calibration.  
The display will ask if you want to accept it anyway.  Do NOT. For further information 
on sonde calibration and maintenance, see Yellow Springs Instruments 6-Series 
Environmental Monitoring Systems Manual, especially sections 2.6.2 and 2.9.2.   

PROBE CALIBRATION AND VERIFICATION 

Temperature 

Although YSI thermisters can not be calibrated (YSI pp5-6), thermistors used on YSI 
data sondes will be checked once annually against a National Institute of Standards and 
Technology (NIST) certified thermometer that is accurate to ± 0.2 ˚C. The certified 
thermometer will be used to verify the accuracy of temperature probes annually. The 
check is a five-point verification over a range of 0 to 40 ˚C using a temperature 
controlled water bath in the laboratory and a NIST certified thermometer. Additionally a 
1-point check will be performed each time a sonde is calibrated.  Thermisters deviating 
by more than 0.5 ˚C from the certified thermometer will be replaced.  

Specific Conductance 

Only NIST-traceable conductivity standards should be used for the calibration of the YSI 
6560 conductivity/temperature probe. The standard used will be 2.0 mS/cm. Calibration 
of the conductivity sensor generally follows guidelines provided by the manufacturer. 
Calibration procedures are described below.   

1. On the display, select conductivity/specific conductance. 
2. Add a small amount of NIST-traceable conductivity standard to the sonde 

calibration cup. Secure the cup to the sonde bulkhead. Lightly shake the sonde 
to rinse the probes and cup. Discard standard. 

3. Fill the calibration cup to a level that will completely cover the cell (channels) in 
the conductivity probe. 

4. Once the standard solution has been added, ensure that no bubbles are left in 
the conductivity probe channels (if the reading differs more than 10% from the 
standard value, gently agitate the sonde to remove any air bubbles that may be 
lodged in the probe’s channels – these decrease the cell’s volume and therefore 
change the reading). 

5. Enter conductivity standard value in mS/cm. 
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6. Allow approximately 60 seconds for the sensor to stabilize before proceeding 
with the calibration. 

7. Once values have stabilized, record the actual conductivity reading on the 

calibration sheet. 


8. Press enter to calibrate the sensor. 
9. Record the calibrated reading on the calibration sheet. 
10.  Record the conductivity cell constant on the Calibration Worksheet (Appendix 

D); the constant is found under Sonde Menu/Advanced/cal constants/cond: The 
value should fall between 4.5 and 5.5. If the value doesn’t fall within the desired 
range clean the probe again and recalibrate with new standard, if the cal 
constant is still out of range, replace the probe and re-calibrate.  

11.Used standards are discarded in containers appropriately labeled as “used”. 
Standards are NEVER returned to the standards container.    

12.The sensors and calibration cup are thoroughly rinsed with tap, then distilled 
water in preparation for the next calibration. 

pH 

Only NIST-traceable pH buffers should be used for the calibration of YSI 6561 pH 
probes. Two standard buffers bracketing the anticipated range of pH values are used as 
part of the two-point calibration procedure; pH buffers of 7.0 and 10.0 are appropriate 
for locations on the Portneuf River. Calibration of the pH sensor generally follows 
guidelines provided by the manufacturer and includes proper cleaning of the sonde, 
probes, and calibration cup (i.e. all materials rinsed and scrubbed free of debris).  

1. Add a small amount of NIST-traceable pH 7.0 buffer to the sonde calibration cup. 
Secure the cup to the sonde bulkhead. Lightly shake the sonde and allow buffer 
to rinse the probes and cup. Discard buffer. 

2. Fill the calibration cup with pH 7.0 buffer to a level that will cover the pH and 
temperature probes. 

3. Once the buffer solution has been added ensure that no bubbles are on the 
surface of the pH probe. 

4. Select sonde menu. Select calibrate sonde. Select ISE pH. Select 2-point 

calibration. 


5. Enter appropriate pH buffer value based on the temperature of the buffer 

solution. Refer to the table provide with the NIST-traceable pH buffer. 


6. Allow the sensor to stabilize before proceeding with the calibration. 
7. Record the temperature and actual reading on the calibration sheet. 
8. Once the pH value has stabilized press enter to calibrate the sensor.  
9. Record the calibrated reading and the pH mv value on the calibration sheet.  
10.Used standards are discarded in containers appropriately labeled as “used”. 

Standards are NEVER returned to the standards container.    
11.The sensors and calibration cup are thoroughly rinsed with tap, then distilled 

water. 
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12.Add a small amount of NIST-traceable pH 10.0 buffer to the sonde calibration 
cup. Secure the cup to the sonde bulkhead. Lightly shake the sonde and allow 
buffer to rinse the probes and cup. Discard buffer. 

13.Fill the calibration cup with pH 10.0 buffer to a level that will cover the pH and 
temperature probes. 

14.Once the buffer solution has been added ensure that no bubbles are on the 
surface of the pH probe. 

15.Enter appropriate pH buffer value based on the temperature of the buffer 

solution. Refer to the table provide with the NIST-traceable pH buffer. 


16.Allow approximately 60 seconds for the sensor to stabilize before proceeding 
with the calibration. 

17.Record the temperature and actual reading on the calibration sheet. 
18.Once the pH value has stabilized press enter to calibrate the sensor.  
19.Record the calibrated reading and the pH mv value on the calibration sheet.  
20.Used standards are discarded in containers appropriately labeled as “used”. 

Standards are NEVER returned to the standards container.  
21.The sensors and calibration cup are thoroughly rinsed with tap, then distilled 

water in preparation for the next calibration. 

Optical Turbidity 

Only NIST-traceable formazin or AMCO-AEPA styrene divinylbenzen bead turbidity 
standards should be used for the calibration of YSI 6136 turbidity probes. Turbidity 
standards used are 0 and 123 NTU (YSI Model 6073) although turbid conditions 
generating turbidity values exceeding 123 NTU may occasionally be encountered. 
Calibration of the turbidity sensor generally follows guidelines provided by the 
manufacturer and includes proper cleaning of the sonde, probes, and calibration cup 
(i.e. all materials rinsed and scrubbed free of debris). It is important to use a clean or 
dedicated calibration cup for the 0 NTU calibration.     

1. If the turbidity probe wiper is not clean and white, replace it. 
2. Thoroughly clean all probes with deionized water. 
3. Fill the calibration cup with deionized water to a level that nearly fills the 


calibration cup when the cup is resting vertically on a flat surface.  

4. Use a ring stand and clamp or similar device to suspend the sonde to a level that 

submerges approximately 4 cm of the turbidity sensor into water. Elevating the 
sonde attempts to keep the turbidity probe face as far away from the calibration 
cup bottom as possible to avoid bottom interference (see Section 2.6.1 YSI 
Environmental Operation Manual). Make sure that no bubbles are on the surface 
of the turbidity probe and that the wiper is parked approximately 180˚ from the 
sensor. 

5. Select sonde menu. Select calibrate sonde. Select optical turbidity. Select 2-point 
calibration. 

6. Enter 0.0 for deionized water. 
7. In the 650 logging window select clean optics.   

Portneuf River QAPP         Revision 5.1 
1 November 2009 

71 



 
                                                          

  

 

 

 

  

8. Allow approximately 90 seconds for the wiper to clean the optics and the sensor 
to stabilize before proceeding with the calibration. 

9. Record the temperature, standard value (0.0 for deionized water), and actual 
reading on the calibration sheet. 

10.Once the turbidity value has stabilized press enter to calibrate the sensor.  
11.Record the calibrated reading on the calibration sheet.  
12.Used water is discarded. Deionized water is not returned to the vessel used for 

holding deionized water. 
13.The sensors and calibration cup should be rinsed with tap or distilled water.  
14.Add a small amount of NIST-traceable 123.0 NTU standard to the sonde 

calibration cup. Secure the cup to the sonde bulkhead. Lightly shake the sonde 
and allow standard to rinse the probes and cup. Discard standard. 

15.Fill the calibration cup with 123.0 NTU standard to a level that will cover the end 
of the turbidity probe when the sonde is full secured in the calibration cup and 
resting vertically on a flat surface. 

16.Once the standard has been added, agitate the sonde to ensure that no bubbles 
are on the surface of the turbidity probe. 

17.Enter appropriate NIST-traceable turbidity standard. 
18. In the 650 logging window select clean optics.   
19.Allow approximately 60 seconds for the sensor to stabilize before proceeding 

with the calibration 
20.Record the standard value and actual reading on the calibration sheet.  
21.Once the turbidity value has stabilized press enter to calibrate the sensor.  
22.Record the calibrated reading on the calibration sheet.  
23.Used standards are discarded in containers appropriately labeled as “used”. 

Standards are NEVER returned to the standards container. 
24.The sensors and calibration cup are thoroughly rinsed with tap, then distilled 

water in preparation for the next calibration. 

Dissolved Oxygen 

The calibration procedures outlined below are for the YSI Rapid Pulse Technology 
dissolved oxygen probes (YSI 6562). Calibration of the dissolved oxygen sensor 
generally follows guidelines provided by the manufacturer and includes proper cleaning 
of the sonde, probes, and calibration cup (i.e. all materials rinsed and scrubbed free of 
debris). It is also critical that the dissolved oxygen sensor Teflon membrane is tight and 
properly secured (e.g. no visible wrinkles, tears in membrane, or bubbles beneath the 
membrane) and that the electrodes are clean and bright silver in color. If any problems 
exist, the membrane will be replaced and/or the electrodes sanded with sanding discs 
provided in the YSI probe maintenance kit prior to continuing calibration.   

Add a small amount of tap water (approximately 1 cm) to the sonde calibration cup. 
Loosely secure the cup to the sonde bulkhead by engaging only one or two threads so 
that venting between the calibration cup and atmosphere occurs. It is critical that the 
temperature and dissolved oxygen probes are not submerged in water and that no 
water droplets are adhered to the membrane or temperature thermistor.   
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Calibration procedures described below are for deployment applications and differ 
slightly from point sampling applications (see Section 5.8 YSI Environmental Operation 
Manual). 

1. Ensure that Auto sleep RS232 is activated if the probe is to be deployed for 
continuous monitoring. If the probe is to be used for field sampling or quality 
assurance purposes, Auto sleep RS232 shall be deactivated.  This function is 
accessed via Sonde Menu/Advanced/Setup. 

2. Select Sonde Menu. Select Calibration. Select dissolved oxygen and choose 
DO%. 

3. Enter the current barometric pressure from the 650 MDS. Note the barometer on 
the 650 MDS should be verified or calibrated based on the schedule described 
under 650 MDS Calibration and Verification section below. Record the 
barometric pressure on the calibration worksheet. 

4. When calibrating with Auto sleep RS232 activated, after the selected warm up 
period the dissolved oxygen will calibrate automatically.   

5. Record the temperature, calculated DO% (based on the measured BP in mmHg 
divided by 760 mmHg), calibrated reading, and DO charge on the calibration 
sheet. The DO charge must be between 25 and 75. 

6. Under Sonde Menu select Advanced and then cal constants. Record the DO gain 
on the calibration worksheet. The DO gain must be between 0.7 and 1.5.  If any 
of the above conditions are not met (DO%, DO charge, DO gain), the probe must 
be re-assessed and recalibrated. If, after all possible probe maintenance, any of 
these conditions is not met, the probe must be replaced. 

For point sampling applications follow steps 1 and 3 through 5 above. For step 2 
ensure that Auto Sleep RS232 is off and then proceed to alternative steps 6 through 
(labeled 6a, 7a, etc.) 

6a. Carefully track the DO% readings and after there has been no significant change 
in the DO% and DO mg/L columns for approximately 30 seconds press enter to 
calibrate. 

7a. Record the temperature, anticipated DO% (based on the measured BP in  
mmHg/760 mmHg), calibrated reading, and the DO charge on the calibration 
sheet. 

650 MDS CALIBRATION AND VERIFICATION 
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Barometer 

The YSI 650 Mulitparameter Systems used as part of routine monitoring activities in the 
Portneuf River include an internal barometer. The accuracy of the barometer will be 
checked twice annually against true readings from a standard barometer at the National 
Weather Service’s Pocatello Office. Uncorrected readings do not compensate for sea 
level and are required for the calibration of barometric pressure on the YSI 650 MDS; 
this value should be used in the one point calibration of the barometer if a deviation of > 
0.2 mmHg from the standard barometer exists. Calibration procedures are described 
below. 

1. Select System Setup. Select Calibrate Barometer.  
2. Enter the standard uncorrected barometric pressure. 
3. Record the actual and calibrated readings in the 650 MDS log book.  

Portneuf River QAPP         Revision 5.1 
1 November 2009 

74 



   

     

     

 
                                                          

  

     
 

 
                            

 

                
 

 

 

 
 

 
   

 

           
                

 
                

    
      

 
 

 
 

   
 

  
         

      
 

 
 
 

 

APPENDIX F –  SONDE CALIBRATION WORKSHEET 

Sonde Calibration Worksheet 

Date: ____________ Technician:  Sonde: ____________ 

Membranes/Wipers: 
DO Membrane Changed? Y N  DO electrodes sanded? Y N 
Turbidity Wiper Changed? Y N 

Notes: If wipers are dirty or not parked properly, they need to be changed. When DO 
membrane is changed burn in and run @ 4 sec intervals for 10 readings and record 
values here:  

Calibration Values 

Actual After Calibration         

Sp. Cond.: _______ _ ___________ cond. cell constant: _____ (Range 5.0 
± 0.45) 

Temperature of Sp. Cond. Solution: _________ 

pH 7: ________  ________ pH 7 mV____________ 

pH 10: ________  ________ pH 10 mV____________

 *pH 10-pH 7=________________ 

*pH 10-7 mV range should be between 165 – 185 
Turbidity:  __________ ___________ 

Turbidity:  __________ ___________ 

BAROMETRIC PRESSURE: ____________MM HG 

DO %: ________    DO Charge: ___________ (range 25 - 75) 

DO GAIN: ________ (RANGE 0.7 TO 1.4) 

DO response ACCEPT REJECT 

NOTES: 
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APPENDIX G –  DISCHARGE MEASUREMENT PROCEDURE 

Discharge is measured using a portable electromagnetic flow meter (Marsh-McBirney 
model 2000) in conjunction with a top setting wading rod or a bridgeboard, winch, and 
30-pound torpedo weight. When conditions permit wading, flow will be measured using 
a top-setting wading rod. The following procedure shall be used. 

1. A tape is strung tightly across the stream or river, perpendicular to the flow. The 
cross-section selected should generally be free of large rocks, debris, and aquatic 
macrophytes that may influence flow measurements. 

2. Record the distance and depth at the left and right water’s edge.  Divide the total 
distance across the stream by a minimum of 20 to determine the approximate target 
distance between measurements. Record the time of beginning flow measurements.  

3. Record distance along the tape, water depth, and water velocity (keeping the velocity 
sensor directed parallel with the flow) at each of the 20 locations.  Water velocity is 
averaged over a 40 second period at each location (the Marsh-McBirney meter shall be 
set to do this automatically). Water velocity is measured at 0.6 x the water depth when 
water depth is ≤ 2.5 feet, or at 0.2 x water depth AND 0.8 x water depth when water 
depth is > 2.5 feet. 

In water depths > 2.5 feet, an additional velocity measurement will be taken at 0.6 x 
water depth if either: 

a) water velocity at 0.8 x water depth is > water velocity at 0.2 x water depth  OR 
b) water velocity at 0.2 x water depth is > twice the water velocity at 0.8 x water depth   

4. If the technician estimates > 10% of the total flow is passing through any 
measurement section(s) or detects other distinctly changing cross-sectional conditions 
(e.g. dramatic bed elevation changes or other hydraulic anomalies), additional 
measurements should be taken to each side of that location. The objective is to have no 
more than 5% of stream flow within an individual panel. 

5. Upon completion of all distance, depth, and water velocity measurements, note the 
completion time and record both electronic and float stage measurements at the site (if 
available). 

An alternate method for measuring discharge is to use an Acoustic Doppler Channel 
Profiler (ADCP). A mean value obtained from a minimum of 4 measurements that vary 
< 5% is required when using an ADCP. Manufacturer’s instructions for ADCP use are 
found in Teledyne RD Instruments manual P/N 95B-6004-00 (March 2006; 
http://www.rdinstruments.com/smartlink/sp/index.shtml). 

Portneuf River QAPP         Revision 5.1 
1 November 2009 

76 

http://www.rdinstruments.com/smartlink/sp/index.shtml


 

 
                                                          

  

 
     

 

 
 

 
 

 

 

  
 
 

APPENDIX H –  PROCEDURE FOR WATER SAMPLE COLLECTION 

Water samples are collected using a depth-integrated sampler (Model US DH-95).  
Under velocity conditions encountered at sites on the Portneuf River and Marsh Creek, 
a ¼ inch diameter nozzle is used with the US DH-95.  A bridgeboard winch platform is 
used when wading is not possible.  When conditions permit wading, a four feet steel rod 
will be used to raise and lower the depth-integrated sampling bottle.  An extension rod 
will be used at the Portneuf River at Siphon Road station.  The bottle shall be lowered 
and raised at the same, constant transit rate at all sampling points at a station (based 
on estimated mean water velocity at each station to be sampled).  The table below 
should be used as a guideline in estimating appropriate transit rates.   

Mean Velocity ft/s Transit Rate ft/s 
0.5 0.07 
1 0.14 
2 0.28 
3 0.42 
4 0.56 
5 0.7 
6 0.84 
7 0.98 
8 1.12 

The sampling bottle is filled with no more than 800 mL of sample water prior to being 
emptied into a churn sample splitter (i.e., the bottle is not filled entirely).  Depth-
integrated samples will be taken from a minimum of 4 locations evenly spaced across 
the channel. Enough sample water is collected (evenly over the entire cross section) to 
fill the churn sample splitter 60 – 100% of its total volume.  The churn is mixed at 
approximately 9 inches/second for 10 strokes prior to, and continuously during sample 
delivery.  Prior to filling sample containers, approximately 40 mL of water shall be 
released from the churn faucet in order to clean any foreign matter from the spout.  
Samples are placed in appropriate containers, filtered, or preserved with sulfuric acid as 
necessary, and placed on wet ice for transportation to the laboratory. Disposable 
gloves are worn while filling all sample containers. 

The first samples taken shall be total suspended solids (TSS) and/or suspended 
sediment concentration (SSC) samples. If the sample is very turbid, < 250 mL should 
be poured into the SSC sample bottle. For relatively clear samples, the SSC sample 
bottle should be filled with approximately 900 mL.  Ambient turbidity conditions can be 
used to estimate the appropriate volume for TSS samples, as shown in the following 
table. 
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Turbidity (NTU) Volume (mL) 
<10 900 

10-50 500 
50-100 250 
>100 100 

No bottles should be completely filled, in order to allow for mixing in the laboratory. The 
reason for adjusting the sample volume in the field is to optimize the mass of material 
collected in the laboratory on a single filter.  

The dissolved orthophosphorus sample shall be prepared in the following manner: 

1. Approximately 20 mL of sample water shall be filtered through the 0.45-micron filter 
in the filtration apparatus. 

2. The bottom cup shall be removed from the filtration apparatus, leaving the seated 
filter in place. The resulting 40 mL of filtrate shall be discarded and vigorously shaken 
from the bottom cup of the filtration apparatus. 

3. The bottom cup shall be replaced and approximately 150 mL of sample filtered 
through the apparatus. 

4. The cup is removed and the filtrate is poured into the sample container. 

MONITORING FIELD DATA FORM AND TRANSFER OF SAMPLES TO LABORATORY 

The time, personnel, field conditions, and other information are entered onto the 
Monitoring Field Data Form (see Appendix C). After collection into containers, samples 
are placed into coolers containing wet ice and transported to the Pocatello WWTF 
Laboratory. A sufficient quantity of wet ice is to be used to lower the water samples to 
approximately 4 C; more ice will be required in summer than winter.  

In the headroom of the laboratory, samples are removed from coolers and sorted, with 
information entered on Chain of Custody forms.  Those samples to be analyzed at 
Energy Laboratories are prepared for shipping by overnight courier. Pack the sample 
bottles in a cooler and add cubed wet ice. Samples to be analyzed at the Pocatello 
Laboratory are checked in to the laboratory using the appropriate Chain of Custody 
form. 

OIL AND GREASE SAMPLING 

Sampling for oil and grease in the Portneuf River will be conducted as resources 
permit. Approximately 1 L of representative field sample water is collected in 
glass wide-mouth amber bottles with PTFE-lined screw caps. Since oil and 
grease is insoluble and floats or exists as a film on the water surface, grab 
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sample collection (using a gloved hand) is completed by collecting the surface of 
the water in the center of the river channel. Oil and grease may also adhere to 
bottle surfaces so samples bottle must not be pre-rinsed prior to sample 
collection. After collection, concentrated H2SO4 is added to the sample to 
produce a pH<2. Bottles are provided by the laboratory (ENERGY Laboratories, 
Billings, Montana). 

As used here, oil and grease refers to gravimetric-Hexane Extractable Material 
[HEM] method E1664A. See a description of the method at: 
http://www.epa.gov/waterscience/methods/method/oil/. 

APPENDIX I –  SONDE FIELD QA CHECKS 

When continuously recording sondes are to be replaced in the field, the following will 
apply in regard to acquiring QA readings for comparison with insitu readings.  Accurate, 
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consistent collection of this information is critical, as it is subsequently used to 
determine continuous data quality and/or acceptability.   

1. Sondes used for quality assurance readings shall have been calibrated within 2 days 
of use for this activity.   

2. Set “autosleep RS-232” to off.  Dissolved oxygen (DO) probes shall be calibrated at 
the first site visited. DO probes should be re-calibrated if readings are to be taken at an 
elevation difference of > 200 feet from the initial calibration (example – Topaz, Guthrie, 
and Marsh Creek should be calibrated on site, while the lower sites (Fichter, Highway 
30, Batise, Outfall, and Siphon may be measured using an initial calibration at any lower 
site). 

3. For the outside sonde QA readings, the QA sonde shall be placed as close to the 
boom and continuously recording sonde level as possible and allowed to equilibrate 
fully prior to recording readings. Data shall be entered in a data book and may be 
electronically entered into a PDA or other device.  The exact time shall be recorded 
upon completion of taking readings. This time will be adjusted to standard time prior to 
entering data into the QA worksheets/database during periods of daylight savings time. 

* The above information (step 3) will be used to determine the data quality for the 
previously deployed continuously recording sonde. 

4. The replacement for the continuously recording sonde shall deployed in the sonde 
tube following removal of the existing sonde.   

5. The exact time of deploying the new sonde shall be noted. If possible, the new 
sonde shall be deployed ½ way through a ten-minute period, so the data that will be 
compared is no more than 10 minutes apart. 

* The above information (steps 4 and 5) will allow a comparison between QA done in 
the sonde tube versus outside of the sonde tube (as in steps 1-3).   

APPENDIX J –  PROCEDURE FOR ASSIGNING DATA GRADES BASED ON WATER QUALITY 

SONDE FIELD QA CHECKS 

Portneuf Basin Monitoring Program – Standard Operating Procedure (SOP) 
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Collecting Water Quality Sonde QA Data and Entering into QA-QC Tables 

Introduction 

This SOP covers servicing of multiparameter water quality instruments (sondes) that are 
used for continuous monitoring of in situ river conditions. The following terminology 
applies: 

In Situ Sonde – an instrument that has been deployed for a period of time at a 
monitoring station and which is connected to a data logger and associated 
telemetry system. The replacement sonde is typically housed within a PVC 
casing that protects the instrument. 

Replacement Sonde – an instrument that is freshly calibrated and will be 
deployed at a station in a new deployment or to replace an existing in situ sonde 

QA Sonde – an instrument that is freshly calibrated and working to specifications.  
Used as a standard for comparison and to evaluate performance of the in situ 
and replacement sondes.  When functioning to specifications, the QA and 
replacement sondes should read within acceptable tolerance limits as specified 
in Table . 

1. Field  
A. At the laboratory, calibrate a sufficient quantity of replacement sondes to be 

deployed that day, plus an additional QA sonde. To account for drift issues, it is 
preferable to calibrate sondes on the day of deployment, but if that is not practical from  
a logistics standpoint, prior calibration can occur up to 2 days prior to field use for all 
constituents except DO, which shall be done within 4 hours of taking a measurement 
(however see 1.C). 

B. At the station, loosen calibration cup on the QA and replacement sondes and 
place them in a location with stable temperature.  Wait 10 minutes, or until DO readings 
are steady and calibrate DO.   

C. Take a QA Sonde reading next to the boom that contains the insitu Sonde 
after readings have stabilized. Enter all information and data on field worksheet.  Data 
may also be entered in an electronic device.  Note: all times used for sonde QA 
purposes will be Mountain Time (i.e., shift for daylight savings time will be accounted for 
when entering this QA data into the database or QA spreadsheet).  Note the weather 
conditions. 

D. In cases where debris is present, remove the debris, noting extent of 
accumulated debris on the sonde boom. 

E. Remove the insitu sonde. Install the replacement Sonde into the boom.  Note 
the Insitu sonde probe conditions if abnormalities exist.  Clean the insitu sonde that was 
just removed and record readings next to the boom using this sonde.  This is the post-
clean insitu reading that will account for fouling.   
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F. 	Prior to leaving the site, review data in the field for reasonableness. 
G. Inspect the monitoring instrument enclosure for possible irregularities, e.g. 

snow on the solar panel, vandalism. Maintain as necessary. 
H. Read staff gages at stations so equipped. Read and record the present water 

level and time. 

2. 	Technician Office Review and Upload 
A. Field technician returns from field and transfers data to the desktop. Save the 

QA.xls file with the following convention, month-day-year-technician initials. Review 
entries for completeness and reasonableness. Review QA grades. Anytime grade is 
not a 1, evaluate potential possible reasons for the less than excellent performance. 
Reasons for anomalous values shall be noted in the comment column. Normal 
procedure involves uploading the data within 24 hours of field measurements. 

B. Transfer entered QA readings from this QA-QC spreadsheet into the 
database via the interface provided. 

C. Web QA system will send an email to designated recipients notifying them 
that data is available for review. 

3. 	Sonde QA Data Review and Approval 
A. All Sonde QA data will be reviewed and approved by another person. This 

review has the following objectives: 
•	 To minimize loss of data sets due to human error in the acquisition of the QA 

data. 
•	 To help adapt the procedures to minimize rejection of data due to quality 

issues. 
B. The data reviewer will view the data available for approval. The review will 

focus on observing the data for reasonableness, e.g. appropriateness of date and time; 
measured constituents appear to be within expected ranges for the season. The 
reviewer should note differences between QA and Insitu columns and possible probe 
maintenance issues. When a QA grade is not a 1, evaluate potential possible reasons 
for the less than excellent performance. If quality assurance issues are noted, reviewer 
should inform/discuss with field technician. It is recognized that field entry mistakes can 
and do occur. Unless a clearly evident entry error has been made and its correction is 
also clearly evident, QA entries will not be changed after entry by the technician or other 
parties. If a change is necessary, it will only be made after consultation with and 
confirmation by the field technician. 

C. Mathematical filters will be applied to all data to flag outliers and lines that are 
repeats of previous lines (this can occur during a sonde change). Professional 
judgment is then applied to determine if any data has been flagged in error. Filter 
equations are in the following table. Approve data. 

Turbidity 
For all data 

Assign QA = 5 if (value exceeds 
previously accepted value by > 10 
NTU) AND (value exceeds the 

Assign QA = 5 if values for all 
parameters are identical to previous 
two samples 

This removes individual values that are high and likely 
due to fouling or incorrect parking of sensor brush. 
Logger appears to 'freeze up' occasionally, 
reporting identical data repeatedly 

Temperature average of 5 previously acceptedAssign QA = 5 if value < -1.0 Likely reflects bad sensor 
Temperature values by > 1.75 x average)Assign QA = 5 if value > 35.0 Likely reflects bad sensor 
For all datapH 5 if value = 6999AssigAssign QA =n QA = 5 if value < 2.0 Campbell data logger uses 6999 as data flagLikely reflects bad sensor 
pH Assign QA = 5 if value > 9.0 Likely reflects bad sensor 
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APPENDIX K –  LOG OF INSTRUMENT REPAIR AND CALIBRATION 

Serial Number: 

Purchase Date: 

Note any special issues with any probe below: 

Probe Model # Serial Number Date(s) Installed Initials 
pH 

Temp/Cond 

D.O. 

Turbidity 

General Notes: 
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APPENDIX L –  LIST OF CONSUMABLES AND SUPPLIERS 

Consumable Standard 
Concentration 

Order 
No. 

Vendor and address 

Conductivity 
Standard 

2.0 mS/cm BC 
4094 

Fisher Scientific or 
BioPharm, Inc.  
187 South Tilley Road,  
Hatfield AR 71945 
 800.443.8465 

pH buffer 7.00 SB 
107-4 

Fisher Scientific 
3970 John’s Creek Ct. Ste. 500, 
Atlanta, GA 
800.766.7000 

10.00 SB 
115-4 

Turbidity 
Standard 

123 NTU 607300 YSI, Inc. 
1700/1725 Brannum Lane, 
Yellow Springs, OH 45387 
800.765.4974 

Turbidity 
Probe wipers 

6027 YSI, Inc. 
1700/1725 Brannum Lane, 
Yellow Springs, OH 45387 
800.765.4974 

Dissolved 
Oxygen 
Probe 
Service Kit 

5775 YSI, Inc. 
1700/1725 Brannum Lane, 
Yellow Springs, OH 45387 
800.765.4974 
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APPENDIX M –  DECONTAMINATING EQUIPMENT TO MINIMIZE SPREAD OF INVASIVE 

SPECIES 

IDEQ does not want its monitoring activities to cause the spread of noxious 
weeds, diseases of aquatic organisms, or exotic flora and fauna. 
Decontamination entails making BURP equipment and the area safe by 
eliminating harmful substances. Take special care to perform decontamination 
steps as described below before moving from one area to another. The following 
decontamination measures were taken from the Idaho Department of 
Environmental Quality’s Beneficial Use Reconnaissance Program’s guidance 
manual (Idaho Department of Environmental Quality 2007) and are 
recommended for use during all Portneuf Basin Monitoring Project activities. 

These procedures were adapted from the New Zealand Mud Snail Control and 
Management Plan for Colorado (CDOW, 2005) and should be followed upon 
exiting all waters. Wading gear should be cleaned prior to leaving the site. If this 
is not possible then wading gear should be completely sealed inside a large 
plastic bag and cleaned before it is used in any other waters. 

Field Protocol for Removing New Zealand Mud Snails from Wading and 
Sampling Gear 
Equipment needed: 
• 5 gallon bucket with lid containing Sparquat 256 solution (4-6 oz 
of Sparquat per gallon of water) 
• 5 gallon bucket with lid containing clean water 
• Stiff bristled brush 
• Latex or nitril gloves, eye protection 
Cleaning Protocol: 
1. Before exiting the stream use a stiff bristle brush to remove mud and debris 
from boots. 
2. Remove wading gear immediately after exiting stream and make sure infested 
gear does not come in contact with other equipment. If you use separate wading 
boots, then remove the insoles from the boots. 
3. It is recommended that you wear gloves and eye protection when using 
Sparquat 
256. This product is an industrial cleaner and standard safety precautions should 
be 
followed. 
4. Place waders, boots and insoles, and sampling equipment in the Sparquat 256 
solution for a minimum of 10-15 minutes (solution may be reused several times). 
5. Remove from solution and inspect gear to make sure all snails have been 
removed. 
6. Rinse by immersing and agitating in the bucket of clean water. Do not use 
stream water to rinse gear or you may reintroduce snails. 
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7. Do not discard the Sparquat 256 solution or the rinse water in the field. 

Instead, cap the buckets, return to your office and dispose of the liquid down a 

drain that is routed to a wastewater treatment plant. 

* Use waders with boots attached (versus stocking foot waders with separate 

boots) 

because snails can easily get trapped in laces and inside of boots. 

* Do not use waders with felt soles. 

* Sparquat 256 will also kill whirling disease spores (Myxobolus cerebralis). 


Portneuf River QAPP         Revision 5.1 
1 November 2009 

86 



 
                                                          

  

    
 

 

 

 

 

 

  

 

 

 

 

 

 

APPENDIX N –  CURRICULUM VITAE OF AUTHORS 

James T. Brock 
Aquatic Ecologist 
Rapid Creek Research, Inc.   
P.O. Box 9516 
Boise, Idaho 83707 
Tel: (208) 395-0395 
Fax: (208) 395-0448 
email: jtbrock@rcresearch.com 

Professional Preparation 
Zoology Idaho State University M.S. 1980 
Biology Amherst College B.A. 1973 

Appointments 

2001- Associate Research Ecologist, Division of Earth and Ecosystem Sciences, Desert 
present Research Institute (DRI), Nevada System of Higher Education  
1984- Research and Development Scientist, Aliquot Instrument Co. Design and fabrication 
present of equipment for aquatic studies: instrumentation for measuring suspended 

material, dissolved oxygen, temperature, benthic metabolism, and groundwater 
seepage. 

1983- Consultant in Aquatic Ecology. Rapid Creek Research, Inc. 
present 
1984- Research Associate. Giardia and bacterial water quality in a recreational river 
1985 drainage: Middle Fork of the Salmon River, Idaho 
1978- Research Scientist. Biological, water quality, and aquatic habitat responses of 
80, 1982 wildfire in the Middle Fork of the Salmon River, Idaho 
1977 Research Scientist. R/V Alpha Helix expedition of Amazon River, Brazil and Peru 
1976- Research Associate. River Continuum Project. Department of Biology, Idaho State 
1980 University. Pocatello, Idaho 

Closely Related Publications  
Uehlinger U. and J.T. Brock. 2005. In Press. Periphyton metabolism along a nutrient 

gradient in a desert river (Truckee River, Nevada, USA).  Aquatic Sciences. 
67(4): 

Brock, J. T. & Cummins, K. W. 2002.  Ecosystem metabolism in the Kissimmee River, 
South Florida, USA. Verh. Internat. Verein. Limnol., 28(2):680-686. 

Brock, J.T. T.V. Royer, E.B., Snyder, and S.A. Thomas. 1999. Periphyton metabolism: a 
chamber approach. In: R.H. Webb, J.C. Schmidt, G.R. Marzolf, R.A. Valdez 
(Eds.), The Controlled Flood in Grand Canyon, pp. 217-224. Geophysical 
Monograph 110; American Geophysical Union. 

Bott, T.L., J.T. Brock,  A. Baattrup-Pedersen, P.A. Chambers, W.K. Dodds, K.T. 
Himbeault, J.R. Lawrence, D. Planas, E.B. Snyder, G.M. Wolfaardt. 1997. An 
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evaluation of techniques for measuring periphyton metabolism in chambers. 
Canadian Journal of Fisheries and Aquatic Sciences. 54:715-725. 

Dodds, W.K. and J.T. Brock. 1998. A portable flow chamber for in situ determination of 
benthic metabolism. Freshwater Biology 39:49-59. 

Rushforth, S.R. and J.T. Brock.  1991.  Attached diatom communities from the lower 
Truckee River, summer and fall 1986.  Hydrobiologia 224:49-64. 

Uehlinger, U. and J.T. Brock.  1991. The assessment of river periphyton metabolism: A 
method and some problems. In: Use of algae for monitoring rivers.  Edited by 
B.A. Whitton, E. Rott, and G. Friedrich. Proceedings of an International 
Symposium held at the Landesamt fur Wasser und Abfall Nordrhein-Westfalen 
Dusseldorf, Germany 26-28 May 1991.  

Bott, T.L., J.T. Brock, C.S. Dunn, R.J. Naiman, R.W. Ovink, and R.C.  Peterson. 1985.  
Benthic community metabolism in four temperate stream systems: An inter-
biome comparison and evaluation of the river continuum concept.  Hydrobiologia.  
123: 3-45. 

Bott, T.L., J.T. Brock, C.E. Cushing, S.V. Gregory, D. King, and R.C. Petersen.  1978.  A 
comparison of methods for measuring primary productivity and community 
respiration in streams. Hydrobiologia. 60:3-12 

Other Significant Publications and Manuals 

Brock, J.T. C.L. Caupp, H.M.Runke. 2004. Application of the Dynamic Stream 
Simulation and Assessment Model (DSSAMt) to the Truckee River, Nevada: 
Model Formulation and Overview.  Technical Report No. RCR2004-1.0. 
Submitted to U.S. Bureau of Reclamation, Carson City, Nevada. Rapid Creek 
Research, Inc. Boise, Idaho.   

Minshall, G.W. and J.T. Brock.  1991.  Anticipated effects of forest fire on Yellowstone 
stream ecosystems. In B. Keiter and M. Boyce, eds. Greater Yellowstone's 
Future: Man and Nature in Conflict? Yale University Press, New Haven, 
Connecticut. 

Minshall, G.W., J.T. Brock, and J.D. Varley.  1989. Wildfires and Yellowstone's stream 
ecosystems. BioScience 39:707-715. 

Minshall, G.W., J.T. Brock, and T.W. LaPoint.  1982.  Characterization and dynamics of 
benthic organic matter and invertebrate functional feeding groups in the 

Upper Salmon River, Idaho. Int. Rev. ges. Hydrobiologia. 67:793-820. 

Richey, J.E., J.T. Brock, R.J. Naiman, R.C. Wissmar, and J.F. Stallard.  1980. Organic 
carbon: oxidation and transport in the Amazon River. Science 207:1348-1351. 

Synergistic Activities 

� Develops tools to better understand and study aquatic ecosystems.  For the past 
fifteen years, he has led a team of scientists and engineers that have developed 
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a numeric tool (Dynamic Stream Simulation and Assessment Model), which 
simulates water quality in rivers where periphyton dominates the oxygen and 
nutrient dynamics. 

� Develops instrumentation used by research scientists for study of aquatic 
community metabolism and exchange between ground and surface water. 

GREG C. MLADENKA WATER QUALITY SCIENTIST 

Idaho Department of Environmental Quality 
444 Hospital Way #300, Pocatello, ID  83201 
Phone: 208.236.6160; Fax: 208.236.6168;  
email: gmladenk@deq.state.id.us 

PROFESSIONAL PREPARATION 
M.S. Biology 1992; Idaho State University, Pocatello, Idaho 
Certification in Composite Science for Secondary Teaching 1983; Texas Christian 
University 
B.S. Environmental Science 1982. Texas Christian University, Fort Worth, Texas 

APPOINTMENTS 
Water Quality Scientist, Idaho Department of Environmental Quality, 2000 to present 
Stream Alteration Specialist, Utah Department of Natural Resources, 1994 – 1999 
Science Teacher, Santa Fe Independent School District, Texas, 1992 – 1994 
Biology Instructor, College of the Mainland, Texas part-time, 1992 – 1994 
Research Assistant, Stream Ecology Center, Idaho State University, 1989 - 1992 
Science Teacher, Fort Worth Independent School District, Texas, 1983 - 1989 
Surveyor, Challis National Forest, Idaho, Seasonal 1982, 1983, 1987 

PROFESSIONAL SOCIETAL MEMBERSHIPS 
North American Benthological Society 

PUBLICATIONS 
Mladenka, G.C. and G.W. Minshall.  2001. Variation in the life history and abundance of 

three populations of Bruneau hot springsnails (Pyrgulopsis bruneauensis). 
Western North American Naturalist 61: 204-212. 

Myler, C.D., G.C. Mladenka and G.W. Minshall.  2007. Trend analysis shows decline of 
an endangered thermophilic snail (Pyrgulopsis bruneauensis) in southwestern 
Idaho. Western North American Naturalist 67: 199-205. 

REPORTS 

Bruneau hot springsnail 2003 range wide survey.  2004. Submitted to U.S. Fish and 
Wildlife Service, Boise field office, Idaho.   

Report on the re-survey of the bruneau hot springsnail sites. 1996. Submitted to U.S. 
Fish and Wildlife Service, Boise field office, Idaho. 

Bruneau hot springs invertebrate survey.  1995. Submitted to U.S. Fish and Wildlife 
Service, Boise field office, Idaho. 
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Report on the 1993 Bruneau hot springsnail site survey.  1993. Submitted to U.S. Fish 
and Wildlife Service, Boise field office, Idaho. 

The ecological life history of the Bruneau hot springs snail (Pyrgulopsis bruneauensis). 
1992. Submitted to U.S. Fish and Wildlife Service, Boise field office, Idaho.   

Bruneau hot springs snail study quarterly reports.  1989 - 1992.  Submitted to U.S. Fish 
and Wildlife Service, Boise field office, Idaho 

PRESENTATIONS  

Inouye, R. S., G. Mladenka, A. M. Ray, and M.J. Rowe, 2009. Influence of sampling 
times and frequency on sediment loads.  IDEQ Non-Point Source Conference. 
Boise, Idaho. 

Inouye, R. S., A. M. Ray, J. T. Brock, C. Wilhelm, and G. Mladenka. 2004. Urban 
influences on water quality in the Portneuf River, Pocatello, Idaho. Utah State 
University Spring Runoff Conference. Logan, Utah. 

Mladenka, G. C. 2003 – 2004. water quality in southeast Idaho.  Lecture to community 
health nursing class. Idaho State University, Pocatello, Idaho 

Mladenka, G. C. 1997. Assessing and enhancing the stability of natural streams.  Utah 
chapter of the wildlife society annual meeting.  Provo, Utah. 

Mladenka, G. C. 1991. Differences in life history of Bruneau hotspring snails under 
three different thermal regimes.  North American Benthological Society annual 
meeting. Santa Fe, New Mexico. 

SCHOLARSHIPS AND AWARDS 
Texas Christian University Scholar. Fall 1980. 

Dean’s Honor List for AddRan College of Arts and Sciences.  Fall 1977 – Spring 1978,  

Fall 1980 – Spring 1981. 


Fort Worth regional science fair operating committee award.  27 April 1987. 


SYNERGISTIC ACTIVITIES 
Utah non-point task force.  Committee member.  1994 – 1999. 


Utah riparian coalition.  Committee member. 1994 – 1999.
 

Jordan River sub-basin watershed management council.  1993 – 1996. Salt Lake 

County, Utah. 


Friends of the Portneuf.  Volunteer 1990 – 1992.  Pocatello, Idaho 


ISU recycling. Acting chairperson and committee member.  1989 – 1992. Idaho State 

University. Pocatello, Idaho. 
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ANDREW M. RAY RESEARCH ASSOCIATE 

Oregon Institute of Technology 
3201 Campus Drive 
Klamath Falls, Oregon 97601 
Email: andrew.ray@oit.edu 

PROFESSIONAL PREPARATION 
Ph.D. Biology 2005. Idaho State University, Pocatello, Idaho 

M.S. Biology 1999; Northern Michigan University, Marquette, Michigan. 

B.S. Natural Resources & Environmental Science 1994. Purdue University, West 

Lafayette, Indiana 

APPOINTMENTS 

Water Quality Scientist, Idaho Department of Environmental Quality 11/2006 - 2009 

Affiliate Faculty, Dept. of Biological Sciences, Idaho State University, 1/2006 - present 

Program Manager, Yankee Fork Salmon River Dredge Tailings Restoration Project, 
Fish and Wildlife Department, Shoshone-Bannock Tribes 2005 to 2006 

Idaho State University/National Science Foundation GK-12 Fellow 2004 to 2005 

Outreach and Education Coordinator, Three Rivers RC&D 2003 to 2005 

River Monitoring Technician, Three Rivers RC&D, 2001 to 2005 

Graduate Research Assistant, Idaho State University, 1999 to 2005 

Graduate Teaching Assistant, Northern Michigan University, 1997 to 1999 

Environmental Scientist, Hey & Associates, Inc., Libertyville, Illinois 1996 to 1997 

Wetland Specialist, Environmental Consultants & Planners, DeKalb, Illinois, 1995 to 

1996 

PUBLICATIONS 

Ray, A. M., A. J. Rebertus, and H. L. Ray. 2001. Aquatic macrophyte succession in 
Minnesota beaver ponds. Canadian Journal of Botany 79:487-499. 

Kreuzer, M. P., A. M. Ray, R. S. Inouye, and H. L. Ray. 2003. The use of data loggers to 
monitor environmental state changes: snowmelt and loss of surface water. 
Bulletin of the Ecological Society of America 84:27-29. 

Dunham, R., A. M. Ray, and R. S. Inouye. 2003. Growth, physiology, and chemistry of 
mycorrhizal and nonmycorrhizal Typha latifolia seedlings. Wetlands 24:890-896. 

Ray, H. L., A. M. Ray, and A. J. Rebertus. 2004. Rapid establishment of fish in isolated 
peatland beaver ponds. Wetlands 24:399-405. 

Ray, A. M. and R. S. Inouye. 2006. Effects of water-level fluctuations on the arbuscular 
mycorrhizal colonization of Typha latifolia L. Aquatic Botany 84:210-216.  
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Ray, A.M. and R.S. Inouye. 2006. Vegetative nutrient pools in a constructed wetland in 
southeastern Idaho. Journal of Freshwater Ecology 21:593-601.  

Ray, A.M. and R.S. Inouye. 2007. Development of vegetation in a constructed wetland 
receiving irrigation return flows. Agriculture, Ecosystems, & Environment 
121:401-406. 

Ray, A. M. and P. Beardsley. 2008. Using aquatic plants to study photosynthesis in the 
classroom. Science Activities. 45:13-22. 

REVIWER 

Journals: Hydrobiologia, Aquatic Botany, Agriculture, Ecosystems, & Environment, 
Agriculture Water Management 
Text Books: Biological Sciences Curriculum Study (BSCS; www.bscs.org) Review of 
the Level 3 BSCS Science: An Inquiry Approach program (life science unit) which 
includes the Student Edition, Teacher Edition and Art Illustrations.  
Panels: National Science Foundation’s Division of Environmental Biology (Sept 2007).  


REPORTS 


Inouye, R. and A. Ray. 2002. Portneuf River TSS/Turbidity Relationship – Final Report.  

Submitted to the Idaho Department of Environmental Quality, Pocatello, Idaho. 


Brock, J. T. and A. M. Ray. 2004. Quality Assurance Project Plant for the Lower 

Portneuf River Monitoring Project. Submitted to U. S. Environmental Protection Agency 

Region 10 Watershed Restoration Unit, Seattle, Washington. Approved 23 July 2004. 


Ray, A. M. 2005. Annual Progress Report for the Lower Portneuf River Monitoring 

Project 2004. Submitted to U. S. Environmental Protection Agency Region 10 

Watershed Restoration Unit, Seattle, Washington. 


Sato, C, J. You, and A. M. Ray. 2004 BOOKS AND MANUALS 

. Water and Wastewater Quality: A Laboratory Manual. College of Engineering, Idaho 

State University, Pocatello, Idaho. 


PRESENTATIONS  
Since 1999: >25 presentations at regional, national, and international meetings, 
including: 

Bellmore, J.R., C.V. Baxter, A.M. Ray. 2007. Floodplain contributions to basal resources 
and retention in montane rivers: comparison of dredge-mined to reference segments. 
North American Benthological Society, Columbia, South Carolina. 
Ray, A. M., H. L. Ray, and E. Galloway. 2006. Effects of historic and current mining on 
the decomposition and macroinvertebrate colonization of leaves in the Yankee Fork 
Salmon River. North American Benthological Society, Anchorage, Alaska. 
Ray, A. M. and R. S. Inouye 2005. Interactions between Carex nebrascensis and 
Juncus balticus in an experimental semi-arid wetland. Intermountain Conference on the 
Environment. Pocatello, Idaho. 
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Ray, A. M. and R. S. Inouye. 2004. Arbuscular mycorrhizal colonization along temporal 
hydrologic gradients. 7th Intecol International Wetlands Conference. Utrecht, the 
Netherlands. 
Inouye, R. S., A. M. Ray, J. T. Brock, C. Wilhelm, and G. Mladenka. 2004. Urban 
influences on water quality in the Portneuf River, Pocatello, Idaho. Utah State University 
Water Initiative 2004 Spring Runoff Conference, Logan, Utah. 
Ray, A. M. 2003. Temporal changes in arbuscular mycorrhizae infection in Typha 
latifolia: observations from field studies. Pacific Northwest Chapter of the Society of 
Wetland Scientists and the Society for Ecological Restoration. Portland, Oregon. 
L. Van Every, M. Rowe, J. Brock, A. Ray, and C. Tanaka. 2003. Diel dissolved oxygen: 
Bringing DO out of the dark. Idaho Department of Environmental Quality 13th Annual 
Nonpoint Source Water Quality Monitoring Results Workshop. Boise, Idaho. 

SYNERGISTIC ACTIVITIES  
Data collector for National Middle School Environmental Literacy Assessment (NELA); 
funded by US Environmental Protection Agency’s Office of Environmental Education and 
the National Oceanic and Atmospheric Administration and administered by the North 
American Association for Environmental Education.  

Assisted with the organization of the Intermountain Conference on the Environment held 
at Idaho State University in September 2005. Meeting brought together scientists, 
regulators, and managers throughout the Intermountain West. 

Co-developed and presented information on the status of water quality in the Portneuf 
River at Watershed Meetings and Fairs in Pocatello, Idaho (approximately 15 meetings 
and watershed fairs from 2001 – 2007). 

Organized Worlds Wetland Day Celebration at Idaho State University held in February 
2002. Symposium brought together scientists, biologists, conservationists, resource 
managers, and regulators from Colorado, Idaho, Montana, and Wyoming. 

PROFESSIONAL SOCIETAL MEMBERSHIPS 

Society of Wetland Scientists, Sigma Xi 

RECENT RELEVANT TRAINING 
Introduction to Electrofishing Course – Smith-Root Inc., Vancouver, Washington April 
2007 
Wilderness First Aid – Wilderness Medicine Institute. Pocatello, Idaho April 2007 
CPR and First Aid - American Red Cross. Pocatello, Idaho July 2007 
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Appendix B -SOPs 
Groundwater and Surface Water Monitoring Plan  June 2010 

Appendix B 


Standard Operating Procedures 


GWRD_MonitoringPlan_2010.docx 
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Hydrometrics, Inc. Consulting Scientists and Engineers 

STANDARD OPERATING PROCEDURE
 

PRESERVATION AND STORAGE OF INORGANIC WATER SAMPLES©
 

HF-SOP-3
 

1.0 PURPOSE 

An important factor in obtaining representative water quality data is the preservation and storage 
of samples.  Preservation is designed to: 

1. Retard biological activity; 

2. Retard chemical reactions; and 

3. Reduce volatility of constituents. 

Preservation generally includes chemical additives, pH control, refrigeration, proper container 
materials, and immediate field filtration for dissolved constituents. 

2.0 EQUIPMENT 

Table 1 (attached) lists recommended preservatives, containers and holding times for various 
parameters.  Be sure to assemble all the required containers, preservatives, and filters, as 
required, before leaving for the field. 

3.0 PROCEDURE 

In all cases where dissolved constituents are to be measured, the sample will be field-filtered 
through a 0.45 micron filter prior to addition of a preservative.  Samples will be preserved 
according to guidelines presented in Table 1, and will remain refrigerated or in coolers with ice 
until analysis. 

Complete sampling form for groundwater or surface water (HF-FORM-430). 

4.0 REFERENCES 

U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 3rd 
Edition. 

c:\projects\simplotemf\groundwatermonitoringplans\gwrd_monitoringplan\appendix b_sops\hfsop-3.doc\\9/13/04\034 
Revised 4/97 1    11/14/08 11:39 AM 



 
 

 

   
 
         

        

     

 
     

 

 
     

 
  

        
 

    
         
 

     
         
 

    
 

    
 

   
 

    
 

    
 

   

 
  

 
 

Hydrometrics, Inc. Consulting Scientists and Engineers 

TABLE 1. REQUIRED CONTAINERS, PRESERVATION 
TECHNIQUES AND HOLDING TIMES

  Maximum  
Parameters 

Specific 
Electrical 
Conductivity 

Container1 

T, P, G 

Preservative 

Field determined 

Holding Time 

None 

Total Dissolved 
Solids (TDS) 

P, G Cool, 4°C 7 Days 

Total Suspended P, G 
Solids (TSS) 

  Cool, 4°C   7 Days 

pH T, P, G  Field determined None 

Dissolved Oxygen 
(DO) 

G bottle 
and top 

None required Analyze 
immediately 

Temperature P, G None required Analyze 
  immediately  

Eh P, G  None required Analyze 
  immediately  

Alkalinity P, G Cool, 4°C   14 days 

Calcium (Ca) P, G HNO3 to pH <2 6 months 

Magnesium (Mg) P, G HNO3 to pH <2 6 months 

Sodium (Na) P, G HNO3 to pH <2 6 months 

Potassium (K) P, G HNO3 to pH <2 6 months 

Bicarbonate 
(HCO3) 

P, G Cool, 4°C   14 days 

Carbonate (CO3) P, G Cool, 4°C   14 days 

1 T = Teflon; P = Polyethylene;  G = Glass 
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Hydrometrics, Inc. Consulting Scientists and Engineers 

TABLE 1 (Continued). REQUIRED CONTAINERS, PRESERVATION 
   TECHNIQUES AND HOLDING TIMES

  Maximum  
Parameters Container1 Preservative Holding Time 

Sulfate (SO4) T, P, G Cool, 4°C 28 days 

Chloride (Cl) T, P, G Cool, 4°C 28 days 

Silica (Si) P Cool, 4°C   28 days 

Fluoride (F) T, P HNO3 to pH <2 28 days 

METALS* 

Aluminum (Al) T, P HNO3 to pH <2 6 months 

Antimony (Sb) T, P HNO3 to pH <2 6 months 

Arsenic (As) T, P HNO3 to pH <2 6 months 

Barium (Ba) T, P HNO3 to pH <2 6 months 

Beryllium (Be) T, P HNO3 to pH <2 6 months 

Cadmium (Cd) T, P HNO3 to pH <2 6 months 

Chromium (Cr) T, P HNO3 to pH <2 6 months 

Cobalt (Co) T, P HNO3 to pH <2 6 months 

Copper (Cu) T, P HNO3 to pH <2 6 months 

Iron (Fe) T, P HNO3 to pH <2 6 months 

Lead (Pb) T, P HNO3 to pH <2 6 months 

Manganese (Mn) T, P HNO3 to pH <2 6 months 

1 T = Teflon; P = Polyethylene;  G = Glass

 * Dissolved metals are filtered on site with 0.45 micron filter.  Total metals are not filtered. 
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Hydrometrics, Inc. Consulting Scientists and Engineers 

TABLE 1 (Continued). REQUIRED CONTAINERS, PRESERVATION 
   TECHNIQUES AND HOLDING TIMES

  Maximum  
Parameters 

Mercury (Hg) 

Container1 

T, P 

Preservative 

HNO3 to pH <2 

Holding Time 

28 days 

Nickel (Ni) T, P HNO3 to pH <2 6 months 

Selenium (Se) T, P HNO3 to pH <2 6 months 

Silver (Ag) T, P HNO3 to pH <2 6 months 
  (in dark place) 

Tin (Sn) T, P HNO3 to pH <2 6 months 

Thallium (Th) T, P HNO3 to pH <2 6 months 

Vanadium (V) T, P HNO3 to pH <2 6 months 

Zinc (Zn) T, P HNO3 to pH <2 6 months 

PHOSPHORUS (P) 

Orthophosphate 
(PO4), Dissolved 

P, G Filter on site, 
Cool, 4°C 

48 hours 

Orthophosphate, 
Total 

P, G Cool, 4°C   48 hours 

Hydrolyzable P, G Cool, 4°C 
H2SO4 to pH <2 

  28 days 

Total P, G  Cool, 4°C 
H2SO4 to pH <2 

28 days 

Total, Dissolved P, G Filter on site 
 Cool, 4°C 

24 hours 

H2SO4 to pH <2 

1 T = Teflon; P = Polyethylene;  G = Glass 
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers 

TABLE 1 (Continued). REQUIRED CONTAINERS, PRESERVATION 
   TECHNIQUES AND HOLDING TIMES

  Maximum  
Parameters Container1 Preservative Holding Time 

NUTRIENTS 

Ammonia P, G 	 Cool, 4°C   28 days 
H2SO4 to pH <2 

Kjeldahl, Tota l P, G 	 Cool, 4°C 28 days 
H2SO4 to pH <2 

Nitrate plus P, G Cool, 4°C 28 days 
Nitrite H2SO4 to pH <2 

Nitrate (NO3) T, P, G 	 Cool, 4°C 48 hours 
or 
Cool, 4°C   14 days 
H2SO4 to pH <2 

Nitrite (NO2) P, G 	 Cool, 4°C   48 hours 

1 T = Teflon; P = Polyethylene;  G = Glass 
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1.0 SCOPE AND APPLICATION 

HSOP-4 presents procedures to be followed when shipping samples of environmental media 
(e.g., air, water, soil, waste material) to a laboratory for analysis.  All samples submitted 
should be accompanied by chain-of-custody documentation. 

2.0 SUMMARY OF METHOD 

Samples of environmental media submitted to laboratories for analysis are often shipped via 
commercial carrier.  Samples are packed in shipping containers to minimize the potential for 
container breakage or leaking. Each shipment will be accompanied by sample 
documentation, including chain-of-custody forms and a list of required analytical parameters, 
methods, and detection limits.  Samples are cooled with ice during transport, to maintain 
temperature at approximately 4°C (2°C). Shipments of hazardous materials must conform 
to International Air Transport Association (IATA) Dangerous Goods regulations and/or 
Department of Transportation (DOT) regulations, as well as any carrier-specific 
requirements. 

3.0 HEALTH AND SAFETY WARNINGS 

Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 

 Care should be exercised when handling samples of hazardous or potentially 
hazardous waste. Personal protective equipment (PPE) should be utilized (gloves, 
safety glasses, coveralls) as appropriate. 

 Glass sample containers should be handled with extreme care to avoid breakage, loss 
of sample, and possible injury. 

4.0 INTERFERENCES 

Not Applicable 

5.0 PERSONNEL QUALIFICATIONS 

Personnel should be familiar with the project work plan and objectives, and with the 
operation of equipment listed in Section 6.0 below.  Personnel should also familiarize 
themselves with the schedule of the shipping location to be used for shipping samples.  For 
projects involving hazardous materials, consult the project work plan, courier regulations, 
and any state and federal air or ground shipping regulations for details on shipping hazardous 
material. 
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6.0 	EQUIPMENT AND SUPPLIES 

 Shipping container (metal or plastic cooler); 

 Packing material (bubble wrap, Styrofoam peanuts); 

 Absorbent material (clay absorbents, rock wool); 

 Shipping tape; 

 Shipping strap; 

 Custody seals; 

 Chain-of-custody forms; 

 Heavy-duty or contractor grade garbage bags or similar plastic bags; 

 Ziploc bags; and 

 Ice. 


7.0 	PROCEDURE 

1.	 Chain-of-custody involves ensuring that samples are traceable from the time of 
collection until received by the analytical laboratory. The laboratory is responsible 
for custody during processing and analysis. A sample is under custody if: 

	 It is in your possession; 
	 It is in your view, after being in your possession; or 
	 It was in your possession and you then placed it in a designated secure or 

locked area to prevent tampering. 

2.	 When ready to ship samples, set out samples in a clean, secure area to complete 
chain-of-custody forms.  Chain-of-custody forms may be obtained from the 
laboratory, or from Hydrometrics’ Data Quality Department.  Each sample should be 
identified on the form by its sample number, date and time of collection, and analysis 
requested. Check sample labels against information recorded in field notebook and 
on chain-of-custody to ensure consistency and guard against transcription errors 
(HSOP-29). It is usually best to use one chain-of-custody form per shipping 
container, covering the samples included in the container.  When shipping multiple 
coolers to the laboratory, label chain-of-custody forms as “Cooler 1 of 3,” “Cooler 2 
of 3,” etc. 

3.	 Seal drain holes in bottom of shipping cooler (inside and out) to prevent leakage. 
Check sample container lids to ensure they are tightly sealed. 

4.	 Line bottom of cooler with packing material (bubble wrap).  Open and place two 
heavy-duty plastic bags in cooler (one inside the other). 

5.	 Seal samples within individual plastic or bubble wrap bags, as necessary.  All glass 
containers (VOAs, amber glass bottles, glass soil jars) should be placed in individual 
bubble wrap bags. Place sealed sample containers in shipping cooler, inside double 
plastic bags. In most instances, a labeled temperature blank should be included with 
the samples to allow the laboratory to check the sample temperature upon arrival. 
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The temperature blank is generally a small vial or bottle filled with tap water and 
labeled “Temperature Blank.”  Ensure that temperature blank meets temperature 
requirements upon receipt by laboratory. 

6.	 Cover samples with ice, inside double plastic bags. 
7.	 Close and seal double plastic bags, by knotting or with shipping tape. Fill any empty 

space in cooler with additional packing material or absorbent material. 
8.	 Record shipping information (tracking numbers, name of courier, other pertinent 

information) on chain-of-custody form.  Sign and date chain-of-custody form, and 
retain one copy of form for project file. 

9.	 Place original chain-of-custody, sample parameter list, cover letter, and any other 
documentation needed by the laboratory into a plastic Ziploc bag.  Seal Ziploc bag 
and tape to the inside of the shipping container lid. 

10. Label outside of shipping container with sampling organization name, address, and 
phone number, laboratory destination name, address, and phone number, and any 
required DOT shipping labels. 

11. Place custody seals on front and back of cooler (see Attachment 1) and tape in place 
with shipping tape to avoid accidental breakage.  Wrap cooler securely in at least two 
places with a minimum of three wraps of shipping tape.  Shipping strap may also be 
used to provide additional insurance against the cooler opening during shipment. 

12. Deliver sample containers to the shipping location.  	Since samples should reach the 
laboratory as soon as possible to protect sample integrity, overnight shipping is 
required, unless unavailable at the shipping location.  Retain copies of shipping 
receipts for the project file. Shipping receipts and tracking numbers serve as chain
of-custody documentation during sample transport from the sampler to the laboratory. 

13. Additional guidance may be found in the EPA’s 	Contract Laboratory Program 
Guidance for Field Samplers (EPA, 2004). More stringent shipping requirements 
may apply to samples collected under CLP protocols.  The project work plan should 
be consulted to determine any special requirements. 

8.0 	DATA AND RECORDS MANAGEMENT 

The following documents generated during sample packing and shipping will be retained in 
the project file: 

 Chain-of-custody form; 

 Analytical parameter list; 

 Cover letter; and 

 Shipping receipts. 


C:\Projects\Simplotemf\Groundwatermonitoringplans\GWRD_Monitoringplan\Appendix B_Sops\HSOP-4.Doc\\9/13/04\065 
11/14/08\11:35 AM 



 

 

   

  

 
 

 

 

 
 

 

 

 
 

HSOP-4 
Rev. Date: 6/04 

Page 6 of 7 

9.0 	QUALITY CONTROL/QUALITY ASSURANCE 

	 Field personnel should cross-reference information on sample labels, in the field 
notebook, and on sample chain-of custody forms during the sample packing and 
shipping process. 

	 Data quality review will include checking of sample documentation to ensure 
consistency. 

	 Temperature blank measurements by the laboratory upon arrival of samples will 
document that samples were maintained at the appropriate temperature during 
shipping. 

10.0 REFERENCES 

EPA, 2004. Contract Laboratory Program Guidance for Field Samplers (Draft Final).  EPA 
540-R-00-003. January, 2004. 

Hydrometrics HSOP-29:  Labeling and Documentation of Samples 
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Attachment 1: Example of Custody Seals and Placement 
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1.0 SCOPE AND APPLICATION 

HSOP-7 presents general procedures to be followed to decontaminate reused sampling 
equipment between sampling locations.  Examples of equipment that may require 
decontamination are: 

 Water level probes; 
 Reusable bailers; 
 Containers used to obtain composite samples; 
 Water filtration apparatus; 
 Soil coring devices; and 
 Drill rig or other heavy equipment. 

2.0 SUMMARY OF METHOD 

Sampling equipment is cleaned between sampling locations to minimize the potential for 
cross-contamination.  Basic decontamination procedures consist of soap and water, tap water, 
and/or deionized water rinses. More involved decontamination procedures may be specified 
and described in the project work plan or Quality Assurance Project Plan (QAPP). 

3.0 HEALTH AND SAFETY WARNINGS 

Minimum personal protective equipment (PPE) to be worn during decontamination 
procedures consists of safety glasses or goggles, latex or nitrile gloves, and steel-toed safety 
boots. Additional PPE may be required by the work plan or project Health and Safety plan. 
Use caution when handling organic solvents and non-phosphate detergents to prevent spills, 
leaks, or contact with incompatible materials. Also, ensure that ventilation is adequate when 
using volatile solvents for decontamination.  Material safety data sheets (MSDS) for all 
chemical substances used during decontamination should be available at the site where 
decontamination activities are performed. 

4.0 INTERFERENCES 

Not Applicable 

5.0 PERSONNEL QUALIFICATIONS 

Personnel conducting decontamination activities should be familiar with the usage of the 
equipment being cleaned, and with the intended suite of analytes for samples collected with 
the equipment, if any.  Additional training such as 40-hour HAZWOPER certification may 
be required for decontamination of equipment that has contacted hazardous material. 
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6.0 	EQUIPMENT AND SUPPLIES 

 Tap water; 

 Deionized water; 

 Organic solvent (acetone, hexane, methanol); 

 Non-phosphate detergent; 

 Plastic sheeting; 

 Pressure washer; 

 Latex or nitrile gloves; 

 Buckets; and 

 Brushes. 


7.0 	PROCEDURE 

1.	 Select an appropriate area for cleaning and drying equipment to be decontaminated. 
The area should be free of potential contaminants and sheltered from inclement 
weather (if possible). Cover decontamination area with plastic sheeting if necessary. 

2.	 Disassemble any equipment that may have trapped material within components. 
3.	 For equipment used to sample for inorganic constituents, the following three-step 

process is usually sufficient for decontamination: 

	 Wash equipment in warm water and non-phosphate detergent, scrubbing with 
brushes as necessary to remove visible contaminants; 

	 Rinse equipment with clean tap water; 
	 Rinse equipment with deionized (DI) water and air dry. 

For organic parameters, decontamination may require additional steps: 

 Rinse equipment with solvent (hexane, acetone); and 

 Rinse equipment with DI water and air dry. 


4.	 Rinse water from decontamination should be disposed of according to work plan 
requirements.  Moderate quantities of non-hazardous rinse water can typically be 
disposed of on the ground. Organic solvents should be containerized and disposed of 
in accordance with local environmental regulations. 

5.	 Heavy equipment used for sampling purposes (including drill rig auger flights and 
tools) should be cleaned as necessary between sampling locations with a hot- or cold-
water pressure washer. If practical, soap and water may be used to scrub equipment 
as well. 

6.	 DI water should be obtained from a source with documented capability to produce 
contaminant-free water.  The source of DI water used and other specifics of 
decontamination procedures should be recorded in the field notebook. 
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7.	 Drying and storage of decontaminated equipment should be in a contaminated-free, 
protected area if possible.  Equipment that will not be used again immediately may be 
storage in plastic bags or other clean containers for additional protection. 

8.0 	DATA AND RECORDS MANAGEMENT 

Decontamination procedures will be documented in the field notebook, which is maintained 
in accordance with HSOP-31. 

9.0 	QUALITY CONTROL/QUALITY ASSURANCE 

The effectiveness of decontamination procedures and the potential for cross-contamination of 
samples may be assessed through the collection and analysis of equipment rinsate blank 
samples, as described in HSOP-13.  In general, equipment rinsate blank collection involves 
thoroughly decontaminating sampling equipment, then rinsing the clean equipment with 
deionized water, and capturing the rinse water in containers to be submitted to the laboratory 
for the parameters of interest.  The project work plan and QAPP should be reviewed for 
project-specific directions regarding collection and analysis of equipment rinsate blanks. 

10.0 REFERENCES 

Hydrometrics HSOP-13:  Equipment Rinsate Blank Collection 

Hydrometrics HSOP-31:  Field Notebooks 
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Hydrometrics, Inc. Consulting Scientists and Engineers  

STANDARD OPERATING PROCEDURE 

WATER LEVEL MEASUREMENT WITH AN ELECTRIC PROBE 

HF-SOP-10 

1.0 PURPOSE 

This procedure applies to all water level measurements obtained using an electric probe. 
Normally, this procedure is used for measurement of water levels in wells.  All electrical probes 
used, such as an Olympic Well Probe or Solinst, must have permanent depth markers placed at a 
minimum of every five feet on the probe wire or must have a direct reading tape. 

2.0 EQUIPMENT 

 Electronic probe; 

 Water level measurement form  (HF-FORM-430, Water Sampling Form); 

 Field notebook; and 

 Probe calibration data. 

3.0 PROCEDURE 

The water level is obtained by lowering the probe until contact is made between the probe tip 
and the water surface. The contact point is carefully checked by a slight lowering and raising of 
the probe and simultaneously observing the needle deflection, buzzer or light on the meter.  For 
accurate measurements, the wire line must be straight as the probe is lowered.  This is 
particularly important for the first few feet of line.  Water depth is determined by direct reading 
of the probe wire or by measurement of the wire to the center of the nearest large marker and 
addition or subtraction from the marker value.   

Water level measurements are referenced to the measuring point (MP).  Normally, the MP is the 
top of a well casing but may be some other point.  The MP used must be described.  The north 
edge of the casing is usually marked or notched and all water level measurements are referred to 
this marked point.   

3.1 CALIBRATION 

All electric probes must be periodically calibrated.  Normally, calibration is once or twice per 
year but, if the probe has been rebuilt, stretched, or replaced, it also must be recalibrated.  For 
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recalibration, the electrical line is laid out on a flat surface and stretched to approximate its 
normal hanging weight.  A steel tape graduated in 0.01 foot increments is used to determine 
probe accuracy. Additionally, the probe must be placed in wells with differing water levels and 
water depth measured and compared with a steel tape.  A calibration record with correction 
factor is developed and placed in the equipment calibration file.  This calibration record is used 
in the field to correct probe readings. 

3.2 MEASUREMENT ACCURACY 

All water levels and calibrations are normally measured to the nearest 0.01 foot.  Probe data are 
considered accurate to 0.05 feet under good measurement and calibration conditions and to 0.10 
feet under normal conditions.  For deep or difficult conditions, accuracy may be less than 0.10 
feet. 

3.3 PROBE DECONTAMINATION 

For projects where cross-contamination of wells may be a problem, the well probe and line must 
be decontaminated between measurement sites.  This is particularly important when measuring 
wells containing substances such as PAH (polyaromatic hydrocarbons), pesticides, petroleum 
products and some metals. 

Decontamination must include cleaning the probe and wire line.  Most organics can be removed 
by wiping the line, then using detergent in water followed by acetone or methanol, followed by 
rinsing with DI (deionized) water. 

Many inorganics can be removed by wiping the wire line and rinsing the probe in DI water. 
Specific attention must be paid to any sediment, rust or dirt on the wire line.   
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Hydrometrics, Inc. Consulting Scientists and Engineers  

STANDARD OPERATING PROCEDURE
 

SAMPLING MONITORING WELLS FOR INORGANIC PARAMETERS
 

HF-SOP-11
 

1.0 PURPOSE 

This procedure describes the methods to be used in collection of groundwater samples from 
wells. The procedure is designed for wells where inorganic constituents are of primary concern. 
Methods presented in this SOP are based on recent USGS guidance (USGS, 1999). 

2.0 EQUIPMENT 

Bailers, submersible pumps, sample containers and water level electric probe. Other sampling 
equipment may be required for specific tasks.  Other general equipment may include: 

 Distilled or deionized water; 


 Sampling sheets; 


 Samplers notebook; 


 Coolers; 


 Preservatives; 


 0.45 m filter apparatus with inert filters; 


 Chemical-free paper towels; 


 Properly cleaned sample containers of an appropriate volume; and 


 Stopwatch or watch with second hand. 


3.0 PROCEDURE 

A. Unlock and open well. 

B. Obtain water level measurement (see water level HF-SOP-10). If total well depth is 
unknown, measure total depth by sounding well. NOTE: electric water level probes 
are typically not recommended for sounding wells; instead, use a weighted 
measuring tape or other equipment. 

C. Calculate well volume (see calculation on HF-FORM-430) as [(H) x (D)2] / 25, 
where H = height of water column (feet), and D = well diameter (inches). 
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers  

D. Purge well using an appropriate device (bailer, pump, etc.).  	Standard procedure 
involves removal of a minimum of three well volumes of water while monitoring 
field measurements and water level over time.  In addition, purge volume should be 
adequate to remove water from the well annulus (filter pack).  Record all pertinent 
purging information in field notebook and/or on field sampling forms, including: 

 Purge method, rate, and total volume; 

 Field parameter measurements; 

 Water level changes (drawdown/recovery); 

 Location of pump intake; and 

 Other information. 


The USGS (1999) recommends pumping or otherwise purging at a rate that does not 
significantly lower the water level. Toward the end of purging, a minimum of five 
sets of field parameters should be collected at regular intervals while pumping at the 
rate to be used for sampling.  Use of a flow cell for field parameter monitoring is 
recommended.  Field parameters are considered “stable” when the variability 
between five sequential measurements is as follows: 

Parameter Stability Criteria 
pH +0.1 
Temperature (C) +0.2 
SC (mhos/cm) +5% (SC < 100) or +3% (SC > 100) 
Dissolved oxygen (mg/L) +0.3 
Turbidity (NTU) +10% (NTU < 100) 

Modifications of the standard purge procedure are allowable if site conditions, the 
project work plan, or study objectives dictate such modifications.  At a minimum, 
sufficient water must be removed to rinse equipment and sample bottles, and field 
measurements must be monitored prior to sampling.  Low-flow (micropurge) 
techniques are discussed in a separate procedure (HF-SOP-105). 

E.	 Samples are collected after a sufficient purge volume is withdrawn and/or field 
parameters have stabilized and final field measurements have been collected.  Bottles 
are filled directly from discharge from the well or from another clean container. 
Considerable care should be taken to minimize entrainment of air, particularly if 
bailers are used for sampling. 

F.	 Preserve and store samples as appropriate for the intended laboratory analysis. 
Collect final water level measurements if desired to determine water level recovery 
following purging. 
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4.0 DECONTAMINATION 

If cross contamination of sampled wells is a potential problem, the following procedure should 
be followed: 

A. Design sampling to proceed from the best quality water to the poorest quality water; 
and 

B. Rinse the pumping apparatus or bailer between holes if well yields are too low to 
supply sufficient water to purge the pump, water hose or bailer. 

If contamination is a problem, dedicated pumps or bailers should be used to ensure the samples 
are representative of site conditions (see Decontamination of Sampling Equipment HF-SOP-7). 

5.0 ASSOCIATED DOCUMENTS 

A. Decontamination of Sampling Equipment (HF-SOP-7) 

B. Water Level Measurement with an Electric Probe (HF-SOP-10) 

The following forms will be completed and retained in the project file: 

A. Water Sampling Form (HF-FORM-430); 

B. Chain-of-Custody Form (HF-FORM-1); and 

C. Shipping receipts. 

6.0 REFERENCES 

USGS, 1999. National Field Manual for the Collection of Water-Quality Data:  Chapter A4, 
Collection of Water Samples.  USGS TWRI Book 9, September 1999. 
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1.0 SCOPE AND APPLICATION 

HSOP-13 presents guidance for collecting equipment rinsate blank samples, a type of field 
quality control (QC) sample.  Surfaces which contact samples may contribute analytes of 
interest to the sample, thereby creating the possibility of bias in the analytical results. 
Rinsate blank samples are used to assess the effectiveness of decontamination procedures, 
the cleanliness of sample bottles, the purity of blank water, and the potential for random 
contamination from the sampling environment. 

2.0 SUMMARY OF METHOD 

Decontaminated sampling equipment (see HSOP-7) is rinsed with reagent-free deionized 
water. The rinse water is collected in sample containers, preserved as appropriate, and 
submitted to the laboratory for analysis of parameters of interest.  Detectable concentrations 
of parameters in the equipment blank may indicate contamination potential. 

3.0 HEALTH AND SAFETY WARNINGS 

Since equipment rinsate blank samples are typically collected immediately following 
equipment decontamination, similar Health and Safety issues are relevant to both this 
procedure and HSOP-7. Minimum personal protective equipment (PPE) to be worn during 
decontamination/rinsate blank collection procedures consists of safety glasses or goggles, 
latex or nitrile gloves, and steel-toed safety boots.  Additional PPE may be required by the 
work plan or project Health and Safety plan.  Use caution when handling organic solvents 
and non-phosphate detergents to prevent spills, leaks, or contact with incompatible materials. 
Material safety data sheets (MSDS) for all chemical substances used during 
decontamination/rinsate blank collection should be available at the site where 
decontamination activities are performed. 

4.0 INTERFERENCES 

The primary potential interference with collection of meaningful rinsate blanks involves 
using an appropriate quantity of rinse water.  In general, a rinse of 1 or 2 liters of water over 
the decontaminated equipment should be sufficient to wash all surfaces and obtain enough 
water for laboratory analysis. Depending on the size of the equipment, smaller or larger 
quantities of rinse water may be needed. 

5.0 PERSONNEL QUALIFICATIONS 

Personnel collecting rinsate blanks should be familiar with the function and operation of the 
equipment being tested.  The personnel collecting the blank should be the same personnel 
who conducted the decontamination of the equipment (HSOP-7). 
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6.0 	EQUIPMENT AND SUPPLIES 

	 Decontaminated sampling equipment; 
	 Field notebook; 
	 Deionized (DI) water; 
	 Latex or nitrile gloves; 
	 Sample containers and preservative; and 
	 Rinse water catch basin. 

7.0 	PROCEDURE 

1.	 Guidance on the number and type of equipment rinsate blanks to be collected should 
be obtained from the project work plan or quality assurance project plan (QAPP).  In 
general, equipment used to collect, composite, or store samples that directly contacts 
the sample may be subjected to the rinsate blank procedure.  Examples include (but 
are not limited to) pumps, filters, bailers, bottles, coring devices, shovels, trowels, 
and batch containers used for compositing. 

2.	 Decontaminate equipment in accordance with HSOP-7, if not already done. 
3.	 Run approximately 50 to 100 mL of deionized water though the storage carboy spigot 

to remove any contaminants adhering to the spigot (this quantity of water is not 
collected as part of the blank). 

4.	 Wearing latex or nitrile gloves, open carboy spigot and place equipment to be rinsed 
under water flow. The water should contact the area of the equipment that is likely to 
contact the material to be sampled.  If collecting a blank for pumping or filtration 
equipment, deionized water can be processed through the pump and/or filter in the 
same manner as a routine sample. 

5.	 Capture equipment rinse water directly in sample bottles if possible.  In some 
instances, capturing water in a separate catch basin may be necessary; if so, the catch 
basin should be decontaminated in accordance with HSOP-7 prior to usage. 

6.	 The volume of DI water used for rinsing equipment should be enough to completely 
rinse the critical parts of the equipment, but not so excessive that potential chemical 
concentrations in the rinsate blank are diluted below detection limits. 

7.	 Procedural and sampling information for the rinsate blank will be entered in the field 
notebook (HSOP-31). Equipment rinsate blank samples should be preserved as 
appropriate for the intended analysis. Sample labeling and documentation, chain-of-
custody procedures, packing, and shipping should conform with the other samples 
collected as part of the sampling event, and with applicable SOPs (HSOP-4). 

8.0 	DATA AND RECORDS MANAGEMENT 

Documentation of equipment rinsate blank procedures and associated sample identification 
information will be recorded in the field notebook.  Rinsate blank sample information will 
appear along with routine (non-QC) sample information on any additional documentation 
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(e.g., chain-of-custody). This sampling information will be placed in the project file as noted 
in HSOP-29. 

9.0 	QUALITY CONTROL/QUALITY ASSURANCE 

	 Along with equipment rinsate blank samples, it is customary practice to submit 
additional blank samples to the laboratory to discern among a number of potential 
contamination sources.  For example, if contaminants are noted in the rinsate blank, 
they may have derived from the equipment, from the DI water, from the sample 
bottles, or from the sampling environment.  The project work plan or QAPP should 
be consulted for guidance on additional blank samples (DI blanks, bottle blanks, 
catch basin blanks, etc.) 

	 Use of certified precleaned sample bottles is recommended when possible. 
	 Laboratories typically run blank samples along with sample batches; if field blank 

contamination is noted, laboratory QC information should be reviewed to check for 
the possibility of contaminants being introduced during laboratory processing. 

10.0 REFERENCES 

Hydrometrics HSOP-4:  Chain-of-Custody, Packing, and Shipping Samples 

Hydrometrics HSOP-7:  Decontamination of Sampling Equipment 

Hydrometrics HSOP-29:  Labeling and Documentation of Samples 

Hydrometrics HSOP-31:  Field Notebooks 
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STANDARD OPERATING PROCEDURE
 

FIELD MEASUREMENT OF pH USING A pH METER
 
HF-SOP-20 


1.0 PURPOSE 

The purpose of this procedure is to obtain accurate field measurements of the pH of water 
samples. 

2.0 EQUIPMENT 

This procedure written for Beckman pH meters is applicable to a variety of pH meters.  Specific 
operating instructions accompanying each pH meter should be followed where in variance with 
the following. 

2.1 INSTRUMENTS 

 Beckman I-10 or I-21 pH meter or similar instrument; 


 Beckman pH electrode/probe, Model 39841 or equivalent; 


 Beckman temperature probe, Model 598115 or equivalent; and 


 Field notebook. 


2.2 REAGENTS 

 Buffers pH 4.0, 7.0 and 10.0 (other buffers may be used in unusual waters); 


 Deionized water; and 


 Beckman filling and storage solution - 4 Molar KCl (potassium chloride). 


3.0 PROCEDURE 

Calibration of the instrument should be performed at least once per day, before sampling 
activities commence.  Field calibration forms must be completed at this time, and calibration 
verification should be documented in field notebooks. 

While field instruments are manufactured to be rugged and dependable, a reasonable amount of 
care is still required to ensure that instruments function properly and give accurate readings. 
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers 

Field instruments must be cleaned and stored in accordance with established guidelines (see 
operating instructions) in order to maintain instrument integrity. 

3.1 	 EQUIPMENT SET UP 

3.1.1 	Instrument Check 

	 Turn instrument on by pressing pH button, check display and confirm the low battery 
light is not illuminated; and 

	 Visually inspect probe for damage and fluid level.  If damage is evident, replace 
probe. If low on fluid, refill using 4 Molar KCl potassium chloride.  Be sure to leave 
vent hole uncovered while taking measurement so that liquid junction flows freely. 

3.1.2 	Connecting Electrodes 

	 Insert the pH electrode connector into the large input jack on the top of the 
instrument and twist to the locked position. 

	 Insert temperature electrode connector into the small input jack on the instrument 
top. Instrument is now ready to use. 

3.2 	pH MEASUREMENT 

3.2.1	 Select two buffers, one with a pH of 7.0. Select a second buffer (pH 4.0 or 10.0) so that 
the two buffers bracket the anticipated sample pH  (use fresh buffers for calibration). 

3.2.2	 Uncap pH electrode, remove stopper from vent hole, rinse both pH probe and temp 
probe with deionized water and place in pH 7.0 buffer. 

3.2.3	 Depress the CLR button, then depress the  button. The meter will automatically 
temperature adjust the reading and compensate to read the buffer in which it is reading. 
This reading will lock in memory and display on the bottom of the screen. 

3.2.4	 Remove electrodes from the solution.  Rinse with distilled water and place in the second 
buffer. 

3.2.5 	 Repeat step 3.2.3 with the second buffer. 

3.2.6	 Remove electrodes from the second buffer, rinse with distilled water then a portion of 
sample and place in sample.  The instrument is calibrated daily or anytime a pH is 
measured, which is not in the buffer range for which the instrument is calibrated. 
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers 

3.2.7	 Record the pH of the sample in sample field notebook. 

3.2.8	 When measurements are complete, rinse probe with distilled water.  Add a few drops of 
4 Molar KCl solution to the protective cap and store probe in the protective cap. Replace 
cover over vent hole. 

4.0 	ASSOCIATED REFERENCES 

Beckman Instruments, 1992.  Instruction manuals for specific ion meter, models I-10, I-11, I-12; 
and I-21 pH meters. 
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STANDARD OPERATING PROCEDURE 

FIELD MEASUREMENT OF DISSOLVED OXYGEN 

HF-SOP-22 

1.0 PURPOSE 

The purpose of this procedure is to obtain accurate field measurements of dissolved oxygen 
(DO) in water. 

2.0 EQUIPMENT 

2.1 INSTRUMENTS 

 YSI Model 55 Dissolved Oxygen Meter 

2.2 REAGENTS 

 Deionized water (DI H2O); and 

 Oxygen probe solution. 

2.3 OTHER 

 Flow Cell (strongly recommended) 
 Field Notebook 

3.0 PROCEDURE 

When collecting measurements in surface water, the probe can be placed directly into the water 
body. Similarly, the best method for measuring DO in groundwater is by using a downhole 
probe. However, if this is not feasible, alternate acceptable methods are available.  When 
measuring ground water, care should be taken to avoid adding oxygen to the water during 
sample collection.  To avoid this condition, bailers should be moved slowly across the water 
surface and pumping rates should be reduced to avoid splashing or otherwise aerating the sample 
upon collection in the sample cup.  Pumps which cause air to contact the water should not be 
used. Use of a flow-through cell is strongly encouraged over collection in a sample cup.  A 
flow-through cell reduces potential sample aeration and allows for selection of a standard flow 
rate to proceed across the probe. 
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3.1 EQUIPMENT SET-UP AND CALIBRATION 

3.1.1.	 Switch probe on and allow to warm up for at least 15 minutes.  Check probe 
storage chamber to ensure that sponge in chamber is moist. 

3.1.2.	 Press up and down arrow keys simultaneously to enter calibration mode. 
Input approximate elevation in feet above mean sea level and press Enter. 

3.1.3. 	 Allow meter reading to stabilize.  Record “Cal #” shown in lower area of 
display, as well as meter readout following stabilization.  These numbers 
should be similar (i.e., for “Cal #” equal to 82, stabilized meter reading 
should be 80-84). Press Enter. 

3.1.4.	 Input salinity correction value (leave at 0.0 for fresh water, or input 
approximate salinity for brines, seawater, etc.)  Press Enter. Meter is ready 
for use. If “Cal #” and stabilized meter reading are not similar, recalibrate. 

3.2 DISSOLVED OXYGEN MEASUREMENT

 3.2.1	 Lower probe into sample.  NOTE:  Some motion of water past probe 
membrane is required, so if water sample is quiescent, manual movement of 
probe is required (do not aerate sample during movement). 

3.2.2. 	Allow reading to stabilize. MODE key selects unit readout (% saturation or 
mg/L).  Record reading and temperature. 

3.2.3. 	 Replace probe in storage chamber after decontamination.  If meter is shut off, 
recalibration is required each time meter is turned on.  Recalibration will also 
be required if elevation changes significantly (>200 ft) between sample 
locations. 

4.0 ASSOCIATED REFERENCES 

Yellow Springs Instrument Company. Instrument manual for YSI Model 55 dissolved 
oxygen meter. 

HF-SOP-49 - Use of a Flow Cell for Collecting Field Parameters. 
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TABLE 1. SOLUBILITY OF OXYGEN IN FRESH WATER
 

Temperature  mg/L Dissolved Temperature         mg/L Dissolved 
°C Oxygen °C Oxygen 

0 14.60 23 8.56 
1 14.19 24 8.40 
2 13.81 25 8.24 
3 13.44 26 8.09 
4 13.09 27 7.95 
5 12.75 28 7.81 
6 12.43 29 7.67 
7 12.12 30 7.54 
8 11.83 31 7.41 
9 11.55 32 7.28 

10 11.27 33 7.16 
11 11.01 34 7.05 
12 10.76 35 6.93 
13 10.52 36 6.82 
14 10.29 37 6.71 
15 10.07 38 6.61 
16 9.85 39 6.51 
17 9.65 40 6.41 
18 9.45 41 6.31 
19 9.26 42 6.22 
20 9.07 43 6.13 
21 8.90 44 6.04 
22 8.72 45 5.95 

Source: Derived from 15th Edition "Standard Methods for the Examination of Water and 
Wastewater". 
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TABLE 2. ALTITUDE CORRECTION FACTOR
 

Atmospheric Pressure   Equivalent Altitude Correction 
         mmHg           or Ft. = Factor 

775 -540 1.02 
760 0 1.00 
745 542 .98 
730 1094 .96 
714 1688 .94 
699 2274 .92 
684 2864 .90 
669 3466 .88 
654 4082 .86 
638 4756 .84 
623 5403 .82 
608 6065 .80 
593 6744 .78 
578 7440 .76 
562 8204 .74 
547 8939 .72 
532 9694 .70 
517 10472 .68 
502 11273 .66 

Source: Derived from 15th Edition "Standard Materials for the Examination of Water and 
Wastewater". 
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STANDARD OPERATING PROCEDURE
 

FIELD MEASUREMENT OF REDOX POTENTIAL (Eh)
 
HF-SOP-23
 

1.0 PURPOSE 

The purpose of this procedure is to obtain accurate field measurements of redox potential (Eh) of 
water. It should be emphasized that measurements of redox potential obtained in the field 
are not directly equivalent to Eh. Millivolt readings must be converted to Eh using  
procedures outlined in this SOP. 

2.0 EQUIPMENT 

2.1 INSTRUMENTS 

A. Specific ion meter capable of reading electrode potential in millivolts - such as 
Beckman Model I-21; 

B. Combination platinum redox electrode - with connector suitable to meter being used. 
Note that silver-silver chloride (Ag/AgCl) reference electrodes are common, and 
their behavior has been well-characterized. Use Pt-Ag/AgCl electrodes if available; 

C. Field Notebook; and 

D. Thermometer or thermocouple. 

2.2 REAGENTS 

 Reference solution with known redox potential (ZoBell’s solution of potassium 
ferric-ferrocyanide is recommended); 

 Deionized water; and 

 Electrode filling solution. 
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3.0 PROCEDURE 

3.1 EQUIPMENT SET-UP

 3.1.1 Instrument Check 

	 Turn the instrument on and choose mV readout, check the display is reading 
millivolts (mV).  Confirm that the battery is not low. 

	 Visually inspect probe for damage and fluid level.  If damage is evident, 
replace probe. If low on fluid, refill. Bear in mind that the fluid level must 
be above level of sample during measurement. 

	 Connect the electrode to the instrument. 

3.1.2 Calibration 

	 Rinse probe with deionized water and place in reference (ZoBell’s) solution. 

	 Allow probe to attain equilibrium with reference solution (this may take 
several minutes, and can be accomplished by obtaining multiple readings 
until consecutive readings indicate stabilization has occurred). 

	 Record the potential (in millivolts) and temperature (in °C) of the ZoBell’s 
solution. (Note that the temperature of the reference solution will probably 
need to be measured with a separate probe and/or meter, since combination 
redox electrodes do not usually include thermometers.)  For a platinum-
silver/silver chloride electrode, the measured potential of ZoBell’s solution 
should fall between 220 and 270 mV for the typical range of sample 
temperatures (0° to 30°C).  If the measurement is outside these limits, clean 
the electrode according to manufacturer’s instructions and/or use freshly 
prepared ZoBell’s solution. 

3.1.3 Potential Measurement 

	 Rinse probe with deionized water. Place probe in sample solution.  Take 
care to avoid loss or gain of any redox species, such as oxygen, a flow 
through cell is preferred for obtaining accurate measurements. 

	 When the mV reading stabilizes, record reading in the project field notebook 
along with temperature of sample. 

	 When measurements are complete, rinse the probe with distilled water.   
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers 

	 Field-recorded potentials (in millivolts) are relative to the potential of the 
reference electrode built into the combination redox electrode. The reference 
electrode type should be recorded with the Eh measurements. 

3.2 CORRECTION OF POTENTIAL MEASUREMENT TO Eh 

If it is desired to report Eh measurements relative to the standard hydrogen electrode (SHE), 
which is customary, the measured potential will need to be corrected for the potential of the 
reference electrode. 

Eh = Emeas + Eref 

The necessary information for converting millivolt readings to Eh includes: 

1.	 mV of ZoBell’s reference solution. 

2.	 Temperature of ZoBell’s solution 

3.	 mV of sample 

An equation from Nordstrom (1977) is used to estimate the theoretical potential of ZoBell’s 
solution at a given temperature, using a platinum redox electrode with a silver-silver chloride 
reference electrode: 

(1) Theoretical EZoBell (mV) = [0.43028 - 2.515710-3(T-25) - 3.797910-6(T-25)2]  1000 

where T = temperature of ZoBell solution in degrees Celsius. 

A spreadsheet computer program can be used to convert field mV readings to Eh as follows: 

1. 	The theoretical EZoBell is calculated using the temperature of ZoBell’s solution 
obtained during calibration in Equation 1; 

2. 	 The potential of the reference electrode is determined as the difference between 
the theoretical EZoBell and the measured potential of ZoBell obtained during 
calibration (Eref = theoretical EZoBell - measured EZoBell); and 

3. 	 The Eh of the sample is calculated by adding Eref to the potential measurement 
obtained in the field (Eh = Emeas + Eref). 

If using an electrode other than a platinum - silver/silver chloride, consult the manual for 
information on the internal reference type and its potential (Eref). 
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4.0 ASSOCIATED REFERENCES 

Nordstrom, D.K.,  1977. Thermochemical redox equilibria of ZoBell’s solution.  Geochem. 
Cosmochim.  Acta: 41: 1835-1841. 

Pankow, J.F., 1991. Aquatic Chemistry Concepts.  Pgs. 405-409. Lewis Publishers. 

U.S.G.S., 1977. National Handbook of Recommended Methods for Water-Data Acquisition. 
Chapter 2: Groundwater. 
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1.0 SCOPE AND APPLICATION 

HSOP-29 describes typical procedures used to label sample containers, to ensure that 
information on the label is complete and correct, and to document the number and type of 
samples collected at a particular site.  Samples must be thoroughly documented so that 
analytical data received from the laboratory can be correlated to the correct sampling site.  

2.0 SUMMARY OF METHOD 

Hydrometrics uses unique sample codes to identify individual samples.  Sample codes are 
distinct from site identification codes, to ensure that the laboratory is unaware of the sample 
source, and whether the sample is a quality control (QC) or routine sample.  Sample codes 
and other pertinent information is written on adhesive labels affixed to the sample container, 
or directly on the sample container in some cases.  Sample documentation includes recording 
information in the field notebook (and on sampling forms if required), and completing chain-
of-custody documentation for sample storage and shipping. 

3.0 HEALTH AND SAFETY WARNINGS 

Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 

4.0 INTERFERENCES 

Some common problems with sample labeling and documentation might include the 
following: 

 Use of incorrect sample numbers; 
 Transcription errors during sample labeling or recording information in the field 

notebook; and 
 Duplication of sample numbers. 

These errors may be avoided by having an additional member of the sampling team check the 
labeling and documentation during the field event.  If one person is conducting the sampling 
event, information entered on the sample label and in the field notebook should be double-
checked for accuracy. 

5.0 PERSONNEL QUALIFICATIONS 

Labeling and documentation of samples should be conducted by personnel familiar with the 
project work plan and the proposed sample numbering scheme. 
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6.0 	EQUIPMENT AND SUPPLIES 

 Sample ID tag or label; 

 Permanent marker; 

 Container seals; 

 Chain-of-custody form; 

 Sampling forms; and 

 Field notebook. 


7.0 	PROCEDURE 

1.	 Determine appropriate sample number to be assigned to the sample.  Hydrometrics’ 
numbering convention is as follows: 

XXXX-YYMM-ZZZ 

where XXXX=three- or four-letter project prefix; 
YYMM=last two digits of year followed by month 

(e.g., 0407 for July 2004); 
ZZZ=sequential numbers, starting with 100. 

This convention may be modified as necessary; most Quality Assurance Project Plans 
(QAPPs) contain information on sample numbering to be used for a particular project.  
For some projects, sample numbers for each site to be sampled may be pre-assigned 
by Hydrometrics’ Data Quality Department, to facilitate sample entry into the project 
database. 

2.	 Fill out information on sample ID tag or label.  ID tags are typically serially 
numbered, and may be used for samples that are likely to be the subject of litigation, 
or as mandated by EPA, other agency, or work plan requirements.  Sample labels are 
similar to ID tags, but are not numbered. 

3.	 Waterproof permanent markers (such as Sharpie pens) should be used to complete 
sample ID tag or label information.  Information to be included on the sample ID tag 
or label must include: 

 Date and time (24-hour style, e.g. 1400 for 2:00 p.m.);
 
 Unique sample number;
 
 Sample processing and preservative (whether the sample has been field-


filtered, whether a preservative has been used, and the type of preservative); 
and 

 Sampling personnel names or initials. 

Optional information that may also be included on the sample label or tag as 
warranted could include the type of analysis requested, or whether the sample is a 
grab or composite.  In no case should a QC sample (blank, duplicate, or blind 
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performance evaluation sample, used to evaluate lab performance with a standard of 
known concentration) be identified as such on the sample label.  QC samples are 
assigned sample numbers in the same manner as other samples. 

4.	 When multiple sample containers are used at the same site due to differing 
preservation requirements or additional volume requirements, the same sample 
numbers should be used on each container. 

5.	 Due to requirements for cooling samples and field conditions, sample containers 
often become wet.  If possible, it is advisable to place clear shipping tape over the 
label to ensure that it stays on the container.  In addition, some sample information 
may be written on the sample lid, to aid in sample identification should the label 
become separated from the container. 

6.	 If required by the project, signed and dated seals may be placed over the container lid 
to prevent opening without breaking the seal. 

7.	 Sample information is recorded in the field notebook, including the same information 
recorded on the sample label (date and time, sample number, etc.), as well as 
identifying information for the sampling site, and QC sample information (see HSOP-
31). If desired, sampling forms may also be used to record sampling information. 

8.	 On large projects, with multiple field sampling activities occurring at the same time, 
multiple field notebooks may be used to document sampling activities.  Each 
notebook should clearly state in the initial entry what tasks will be recorded in the 
particular book. 

9.	 After collection and documentation, samples should be handled in accordance with 
standard chain-of-custody procedures (see HSOP-4). 

10. Any corrections made to sample labels, field notebooks, or chain-of-custody 
documentation should be made by crossing out the incorrect information with a single 
line, entering the correct information, and signing and dating the correction. 

8.0 	DATA AND RECORDS MANAGEMENT 

Copies of all sample documentation, including field notebooks, sampling forms, and chain-
of-custody forms will be maintained in the project file.  Sampling crews are responsible for 
submitting this information to the Data Quality Department for filing at the completion of 
each sampling event. 

9.0 	QUALITY CONTROL/QUALITY ASSURANCE 

	 At the conclusion of the sampling event, field personnel should collate and review all 
sampling documentation materials for accuracy, prior to submitting the information to 
the Data Quality Department. 

	 Sample codes and associated sampling sites will be cross-referenced during data 
review and validation procedures stipulated by the project work plan and QAPP. 

	 Field samplers should ensure that complete documentation of samples has occurred 
prior to the close of sampling activities each day, by counting the number of samples 
collected and checking the field notebook for entries related to each sample. 
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10.0 REFERENCES 

Hydrometrics HSOP-4:  Chain-of-Custody Procedures, Packing, and Shipping Samples 

Hydrometrics HSOP-31:  Field Notebooks 
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1.0 	SCOPE AND APPLICATION 

HSOP-31 presents general guidance on recording field activities in a dedicated project 
notebook. Field books are intended to provide sufficient data and observations to enable 
participants to reconstruct events that occurred during the implementation of the project.  In 
legal proceedings, field notes are typically admissible as evidence and subject to cross-
examination. 

2.0 	SUMMARY OF METHOD 

Bound notebooks with sequentially numbered pages are used to record observations, 
sampling information, weather conditions, and other pertinent information during field 
activities. Entries are made in permanent ink, and signed and dated at the bottom of each 
page. Both original notebooks and copies of field notes are retained as part of the project 
file. 

3.0 	HEALTH AND SAFETY WARNINGS 

Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 

4.0 	INTERFERENCES 

The primary potential problem with recording information in field notebooks is dealing with 
incorrect entries. In no case should erasures be made or information be obliterated or made 
illegible. Errors should simply be crossed out with a single line, dated, and initialed by the 
person making the original entry. 

5.0 	PERSONNEL QUALIFICATIONS 

No specific qualifications are necessary for recording information in field notebooks. 
Personnel should be familiar with the scope and objectives of the project in order to record 
more meaningful field observations. 

6.0 	EQUIPMENT AND SUPPLIES 

	 Bound notebook with water resistant, sequentially numbered pages 
	 Pen (indelible ink) 

7.0 	PROCEDURE 

1.	 New field notebooks should be labeled with the project title and number on the cover.  
Inside the front cover, write Hydrometrics’ address and phone number as contact 
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information, in case the notebook is lost.  Multiple field notebooks may be required 
for large or ongoing projects; these should be assigned sequential numbers or labeled 
on the cover with the inclusive dates of observations recorded in the notebook (e.g., 
Project X, May 2002 through May 2004). 

2.	 Notebook entries should begin on a fresh page for each day during a field event. 
While specific entry formats may vary with personal preference, the intent of the field 
notebook is to provide a daily record of significant events, observations, and 
measurements, as well as sampling information.  All entries should be accompanied 
by date and time.  Examples of information to be recorded in the field notebook 
includes: 

 Weather conditions; 

 Personnel on-site, including arrival and departure times and identities of 


visitors and observers; 
 Purpose of daily activities; 
 Site sketch maps; 
 Health and safety briefing information; 
 Field meter calibration information; 
 Identification and description of sampling sites (see HSOP-2);  and 
 Descriptions of photos taken. 

Sampling-specific information should include (see also HSOP-29): 

 Sample number, date, and time; 

 Site identifier; 

 Description of sample containers, preservation, and sample collection method; 

 Sample tag number (if applicable); 

 Field parameter measurements and water calibration (static water level, total 


well depth, pH, specific conductance, water temperature, turbidity, color, 
odor, etc.); and 

 Soil depth intervals and descriptions. 

This list is not meant to be exhaustive, and other pertinent information should also be 
recorded in the field notebook as determined by field personnel. 

3.	 Observations and measurements should be recorded in indelible ink, at the time they 
are made. 

4.	 If erroneous entries are recorded, corrections should be made by deleting incorrect 
information with a single line, and dating and initialing the deletion in the notebook. 
Do not erase or obliterate incorrect entries, or remove pages from the notebook. 

5.	 Blank and unused portions of notebook pages should be crossed out with a single 
line. 

6.	 At the conclusion of the field event, review notebook entries, sign and date each page 
(if not already done), and photocopy notebook pages for inclusion in the project file. 
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Original notebooks may be maintained in the project file, or in the files of individual 
field personnel at the discretion of the project manager. 

8.0 DATA AND RECORDS MANAGEMENT 

Copies of field notes are retained in the project file.  Original field notebooks are maintained 
in the project file, or in the files of individual field personnel at the discretion of the project 
manager.  Completed (filled) notebooks should be placed in the project files or the Data 
Quality Department notebook library, at the discretion of the project manager.  Copies of 
field notebooks should be updated in project files at the end of each field event. 

9.0 QUALITY CONTROL/QUALITY ASSURANCE 

Standard procedure requires review of field notes by a person other than the person who 
recorded the field notes, prior to entering the information into the project files, to check for 
inaccurate, incomplete, or unclear entries, blank pages, or other problems with 
documentation.  Peer review of notebook entries should also be conducted at least once per 
day during field activities. 

10.0 REFERENCES 

Hydrometrics HSOP-2:  Determination, Identification, and Description of Field Sampling 
Sites 

Hydrometrics HSOP-29:  Labeling and Documentation of Samples 
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STANDARD OPERATING PROCEDURE 


USE OF A FLOW CELL FOR COLLECTING FIELD PARAMETERS©
 

HF-SOP-49 


1.0 	PURPOSE 

The purpose of using a flow cell is to increase the accuracy of field parameter values while 
sampling groundwater.  The flow cell is designed to allow field personnel the ability to 
obtain field parameters from groundwater that are, with the exception of the pumping 
equipment, undisturbed. 

2.0 	EQUIPMENT 

A) 	 Flow cell/1 gallon ziplock bag. 


Necessary fittings to connect pumping system to the flow cell. 


3.0 	PROCEDURE 

A) 	 Connect flow cell to discharge tubing of pump system. 

B) 	 Place meter (Horiba U-10 Water Checker) approximately 1 inch above the 
inlet port on the flow cell. 

C) 	 Take readings as necessary from the field meter. 

D) 	 In regard to low discharge flow rates, i.e. 0.1 to 0.3 gpm, a one gallon ziplock 
bag will work. This is accomplished by positioning the discharge tube in one 
end of the bag and seal the bag except for 1 inch on the opposite end to allow 
water to flow out of the bag. 
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STANDARD OPERATING PROCEDURE
 

FIELD OR LABORATORY MEASUREMENT OF TURBIDITY©
 

HF-SOP-53
 

1.0 PURPOSE 

A portable AC-powered ratio turbidimeter is used to measure sample turbidity in standard 
nephelometric turbidity units (NTU).  The instrument is calibrated with secondary standards, is 
unaffected by sample color, and can measure sample turbidities up to 199 NTU. 

2.0 EQUIPMENT

 A. Instruments 

1.	 Hach Model 18900 Ratio Turbidimeter 

2.	 Light shield 

3.	 Dust cover 

B. Additional Equipment 

1.	 Sample Cells 

2.	 Secondary and Stray Light Standards 

3.	 Silicone Oil 

4.	 Lint-free polishing cloth 

C. Reagents 

1.	 Particle-free Distilled water 

2.	 Detergent and glass cleaner 

3.0 PROCEDURE

 A. Equipment Set-Up 

1.	 Place instrument on flat and stable surface where storage temperature is 
between -20 and 60C and operating temperature is between 10 and 45C. 

2.	 Power supply must be 115 V, unless instrument is reconfigured for 230 V as 
described in the Hach manual. 
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3.	 Prior to calibration, allow 15 minutes for the instrument to warm up. 
Remove dust cover prior to turning on the instrument. 

B. Turbidimeter Calibration 

1.	 The turbidimeter is calibrated for routine use with Gelex ® secondary 
standards. These secondary standards are determined using the turbidimeter 
after it has been calibrated using two primary formation standards, as 
discussed in the Hach manual.  Calibration with the primary formation 
standard is only necessary when the instrument is out of tolerance (5%) or 
every six months.  As additional equipment is required for calibration using 
the primary standard, the reader is referred to the Hach instruction manual. 

2.	 For routine calibration using the secondary standards, select the turbidity 
range in which you will be working. 

3.	 Select the appropriate secondary standard, and check to be sure that the cell 
is completely clean.  Coat cell with thin layer of silicon oil if scratches or 
imperfections are evident. 

4.	 Place the cell into the cell holder. Place the light cover over the cell holder. 
Read the turbidity (NTU's) and verify that the observed value in within 5% of 
the established standard value written on the tube.  Repeat the procedure for 
all analytical ranges if you are unsure of your sample range.  If the secondary 
standard is not within 5% of stated value, the instrument requires 
recalibration with primary formazin standards, refer to the manual. 

C. Turbidity Measurement 

1.	 Fill a clean sample cell to the line marked on the cell.  Be sure that the cell 
exterior is clean and free of finger prints, dust, scratches, etc.  Do not use 
scratched or dirty cells. Remove air bubbles by tapping or inverting cell. 

2.	 Place cell into sample cell holder and place light cover over holder.  Sample 
should be at room temperature to prevent formation of condensate when 
placed into the light beam.  Orientation of the cell can affect reading, an 
index mark is found on the cell and should be aligned in the same direction 
for every measurement. 

3.	 Select appropriate analytical range. If unknown, start with highest range and 
work down. 

4.	 After 15 or 20 seconds, read stabilized value.  If value is above the range you 
have selected, a 1.__ reading will be obtained. If value is below the range 
you have selected, a reading __.1 will be obtained.  If value is erratic 
(probably due to particulate floating in and out of beam), refer to Hach 
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manual.  If sediment precipitates in tube, a sharp drop in the turbidity may be 
noted within 1 minute. 

5.	 At low range (less than 1 NTU), the greatest accuracy will be obtained if 
stray light values greater than 0.05 NTU, as determined using the stray light 
standard, are subtracted from the measured sample turbidity.  Subtract 0.05 
NTU from the stray light standard measurement to obtain a stray light 
correction factor. For example, if stray light measured using the standard is 
0.07 NTU, subtracting 0.05 to account for the maximum standard value 
yields a correction factor of 0.02 NTU. 

6.	 Following measurement of all samples, return the light cover to the sample 
cell holder and set the range to 0 to 2. 

7.	 Turn off the power and replace the dust cover. Clean sample cells, taking 
care not to chip or scratch the cells such that they are not optically consistent. 

4.0 REFERENCES 

Hach Company, 1989.  Instruction Manual for Ratio Turbidimeter Hach Model 18900.  

APHA, AWWA, WPCF, 1985.  Standard Methods for the Examination of Water and 
Wastewater.  16th Edition. Method 214. 
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STANDARD OPERATING PROCEDURE 

FILTRATION OF WATER SAMPLES© 

HF-SOP-73 

1.0 PURPOSE 

Water is filtered to obtain a sample for analysis of dissolved constituents.  Dissolved constituents 
are operational, defined as those which pass a 0.45 micron filter.  This SOP describes three 
methods in which filtered water samples can be prepared in the field.  Other types of filtering 
equipment can be employed.  The essential points are use of the proper filter and adequate 
decontamination of reusable equipment. 

2.0 EQUIPMENT 
Disposable 

Filter Barrel or Plate Filter or Filter Cartridges 
Tire pump    Peristaltic Pump  0.45 m filter 
Filter barrel    Plate filter cartridges 
Clean sample bottles 0.45 m membrane Peristaltic Pump 
Prefilters (where needed) filters Plastic tubing 
0.45 m filter membranes Prefilters (where Clean sample bottles 
Distilled or deionized water needed) Distilled or 
Plastic tweezers Plastic tubing deionized water 

   Clean sample bottles 
   Distilled or deionized water 
   Plastic tweezers 

3.0 PROCEDURE 

A) General 

1.	 Have at hand clean sample bottle pre-labeled with appropriate information. 

2.	 Use a new filter membrane or disposable cartridge for each sampling site. 

3.	 If water is very turbid, it must be first run through a larger pore size pre-filter. 

4.	 Be sure you know the volume of sample required for analysis, check with laboratory 
if in doubt. 

5.	 If collecting samples for low level analysis, rinse filter with an appropriate amount 
(usually 100 to 200 ml) of DI water prior to filtering any sample.  This step should 
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Hydrometrics, Inc. 	 Consulting Scientists and Engineers  

remove contaminants (particularly zinc) which may be entrained within the filter 
matrix.  Record the amount of DI water used to rinse the filter. 

6.	 Rinse sample bottle with filtered water three times, before collecting actual sample. 
However, if water is hard to filter or of limited quantity, distilled or deionized water 
rinses are acceptable. 

7.	 Avoid dusty locations and vehicle motor exhaust while filtering. 

8.	 When a peristaltic pump is used, the pump and tubing should be cleaned immediately 
after obtaining a sample by pumping 500 ml of deionized water.  After pumping 500 
ml deionized water, remove inlet tubing from DI source and continue pumping until 
tubing is drained. 

B) 	Filter Cartridge   These are single-use, self-contained membrane filtration devices with 
inlet and outlet hose barbs designed for use when samples are pumped. 

1.	 Examine a new filter cartridge and note direction of flow arrow imprinted on it. 

2.	 Slip hose from pump over inlet nipple of cartridge.  Sample may be collected directly 
from filter outlet (optional, place another short piece of tubing over outlet, if this is 
more convenient).  Keep tubing length as short as possible. 

3.	 It is important that water flow through filter in direction of imprinted arrow, as filter 
failure will likely result if flow direction is reversed. Also, inlet pressure should not 
exceed 25 PSI (pounds per square inch) for most filters of this type. 

4.	 Turn pump on, discard initial 30 ml of filtrate (filter purge), then begin collecting 
sample. 

C) 	Filter Barrel   Filter barrels are reusable plastic cylinders with removable endcaps and 
fitted with a replaceable filter at one end (the outlet) and an air inlet at the opposite end 
by which the barrel is pressurized. Filter barrels are used where samples cannot be 
pumped. 

1.	 Filter barrels must be decontaminated prior to going to the field.  Remove both end 
caps, O-rings, and filter support. Wash components thoroughly with a non-
phosphate detergent and water, thoroughly rinse with distilled or deionized water, re-
assemble and store in plastic bag. 

2.	 Ideally, the filter barrel should be rinsed with the water to be sampled.  If an 
inadequate volume of sample water is available, a distilled or deionized water rinse is 
acceptable. 
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3.	 After rinsing, fill filter barrel 2/3 full with sample water. 

4.	 Place clean 0.45 m filter on filter support (do not touch filter with hands, use plastic 
tweezers or blue divider papers to move or adjust filter).  Wet filter support will hold 
filter in place. 

5.	 Assemble filter barrel carefully so as not to twist or put folds in filter paper. 

6.	 Turn filter barrel over so sample water comes in contact with filter paper. 

7.	 Connect tire pump to Shrader valve and pump several times.  Do not allow static 
pressure on tire pump to go over 20 PSI. 

8.	 Purge filter by draining approximately 100 ml of water from lower side of filter 
support. Discard this initial filtrate. 

9.	 Once sample bottle is full, preserve sample as needed and place in cooler with ice. 
(see HF-SOP-3, Preservation and Storage of Inorganic Water Samples). 

10. Before leaving the sampling site, disassemble filter barrel, remove and dispose of 
filter paper, and immediately rinse with distilled or deionized water.  Partial 
decontamination, consisting of three successive distilled or deionized water rinses 
between sites is acceptable. 

D) 	Plate Filter   Plate filter is a reusable membrane filter holder, generally fitted with three 
removable legs.  The filter holder is disassembled to replace the large diameter (typically 
14.2 cm) membrane filter.  Water is pumped through the filter, entering at the top and 
exiting through a port at the bottom. 

1.	 Plate filters must be decontaminated prior to use.  Disassemble plate filter, wash 
components thoroughly with a non-phosphate detergent and water, thoroughly rinse 
with distilled or deionized water, re-assemble and store in plastic bag. 

2.	 Ideally, the plate filter should be rinsed with the water to be sampled.  If an 
inadequate volume of sample water is available, a distilled or deionized water rinse is 
acceptable. 

3.	 Place clean 0.45 m membrane filter on filter support (do not touch filter with hands, 
use plastic tweezers or blue divider papers to move or adjust filter).  Wet filter 
support will hold filter in place. 

4.	 Assemble plate filter carefully so as not to twist or put folds in filter paper. 
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5.	 Connect plastic tubing from pump to top hose barb on filter.  Sample may be 
collected directly from outlet, or keep tubing lengths as short as possible.  A short 
piece of tubing may be connected to outlet barb at bottom. 

6.	 Purge filter by pumping approximately 100 ml of water through the filter.  Discard 
this initial filtrate. 

7.	 Once sample bottle is full, preserve sample as needed and place in cooler with ice. 
(see HF-SOP-3, Preservation and Storage of Inorganic Water Samples). 

8.	 Before leaving the sampling site, disassemble plate filter, remove and dispose of 
filter paper, and rinse with distilled or deionized water.   

NOTES 

 Use a new filter membrane for each sample.   

 Run very turbid or muddy water through prefilter first and then a 0.45 micron filter. 

 Check with lab performing analysis for adequate quantity and holding time for 
sample.  Complete all appropriate documentation. 

 Completely decontaminate filtering equipment after each day of use and whenever 
partial decontamination doesn't visually clean all filter parts. 

 Do not attempt filtration in dusty locations or while your vehicle motor is running 
(due to exhaust). 
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STANDARD OPERATING PROCEDURE
 

FIELD MEASUREMENT OF SPECIFIC CONDUCTIVITY 

HF-SOP-79
 

1.0 	PURPOSE 

The purpose of this procedure is to obtain accurate field measurements of specific electrical 
conductance of water samples.  This procedure is written for the Hydac Digital type meter; other 
meters may be used if they are calibrated and used according to manufacturer's 
recommendations. 

2.0 	EQUIPMENT 

2.1 	Instrument 

	 Hydac Digital Conductance Meter or equivalent meter. 

2.2 	Reagents 

	 Potassium Chloride (KCl) standard solutions with known conductivities:  (e.g., 50, 
74, 147, 400, 718, 1413, 6668, 12990 µmhos/cm at 25°C). 

2.3 	Other Materials 

 Distilled or deionized water for rinsing 


 Field Sampling Notebook 


3.0 	PROCEDURE 

3.1 	Calibration

 3.1.1 	Rinse sample cup with distilled water before and after each conductivity standard 
used. 

3.1.2	 Select a standard with a conductivity value in the approximate range of the 
samples to be measured.  After rinsing the sample cup with distilled water, rinse 
with the selected standard. Fill the cup with the standard, set function selector to 
TEMPERATURE and depress READ button.  Set the temperature compensation 
knob on the conductivity side of the meter to the displayed temperature. 
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3.1.3	 Switch function selector to CONDUCTIVITY and depress the READ button 
(READ button must be held down for display).  Move the range selector to the 
lowest setting which will give a reading. 

3.1.4	 If the reading is not that of the standard, with a small screwdriver, adjust the 
calibration screw at the bottom of the meter (only small turns are required for 
fine-tuning). 

3.1.5	 Record reading, temperature, and time of calibration. 

3.2 	 Sample Specific Conductivity Measurement

 3.2.1	 Rinse the sample cup with distilled water prior to filling with the sample.  Rinse 
and fill with sample water. 

3.2.2	 Switch function selector to temperature scale and measure temperature of 
sample. 

3.2.3	 Adjust temperature compensator knob on the conductivity side of the meter to 
the displayed temperature. 

3.2.4	 Switch function selector to conductivity and depress READ button.  Move the 
range selector to the lowest setting which will give a reading.  Read conductivity 
and multiply by range.  Record in field sampling notebook. 

3.2.5	 When measurements are complete, rinse probe with distilled water. 

3.3 	Calibration Check 

3.3.1	 At least once per day (or about once per every ten samples collected, whichever 
is more frequent), or when measuring conductivities of samples significantly 
different from the initial calibration solution, the meter should be checked against 
a standard of known conductivity. Record the check standard conductivity, 
temperature, and meter reading on appropriate documentation. 

3.3.2	 If the check standard reading differs from the true value by more than 10%, the 
meter should be recalibrated according to Section 3.1 of this SOP. 

4.0 	ASSOCIATED REFERENCES 

Hydac Instruments -Instruction Manual for Digital Conductance, Temperature, and pH Tester. 
Hydrometrics' Video Training Library -- Measurement of Conductivity. 
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STANDARD OPERATING PROCEDURE
 

FIELD MEASUREMENT OF TEMPERATURE©
 

HF-SOP-84
 

1.0 PURPOSE 

This procedure outlines the protocol for measurement of water temperature in the field.  The 
procedure is applicable to lotic systems (rivers and streams), lentic systems (lakes, ponds, 
reservoirs, and impoundments), and groundwater systems.  Special considerations for the 
various types of water environments are included in this procedure. 

2.0 EQUIPMENT 

 Liquid-filled thermometer, with scale divisions marked at a minimum of 1.0C; 

 Standard field meter equipped with a thermometer (for example, ph meters and 
conductivity meters often include temperature readout option); 

 Temperature readout device with a remote probe (necessary for measuring 
temperature at depth in lakes or groundwater wells); and 

 Field notebook. 

3.0 PROCEDURE 

Calibrate temperature measurement devices prior to field use with NIST-certified thermometers. 
When two methods of temperature measurement are available in the field (glass thermometer 
and pH water thermometer, for example) they may be used to cross-check one another. 

It is preferable to measure temperature directly in the source to be sampled by immersing the 
thermometer into the stream, pond, etc., and allowing the reading to stabilize, when practical. 
Procedures for each of the main types of water samples are given below.  If temperature must be 
measured on a sample that has been removed from the source, it is critical to measure and record 
the temperature immediately after collection, since equilibration with ambient air and container 
temperature will immediately begin to affect sample temperature. 
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A. Rivers and Streams 

Wade stream and measure temperature directly, or measure from bank if unwadable. 
Temperature should be measured at multiple points across the stream transect, expecially 
in large, slow-moving river systems or immediately downgradient of tributaries.  The 
average of all measurements is taken as the water temperature and recorded in the field 
notebook. 

B. Lakes and Ponds 

Measure temperature from bank and record.  Recall that static water bodies often stratify. 
If samples are collected at various depths, temperature should be recorded at each depth. 
Depth profiling of temperature should occur at 1 foot or smaller intervals, in most cases. 

C. Groundwater 

Measure temperature of pumped or bailed water while purging well to monitor 
stabilization of temperature.  Record temperature immediately after obtaining sample.  If a 
remote, “down-the-hole” temperature probe is available, its use is preferred. 

4.0 ASSOCIATED REFERENCES 

“Standard Methods for the Examination of Water and Wastewater,” 18th edition (1992), page 2-
59. 
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Appendix C 

Statistical Methods for Data Analysis 

3. Shapiro Wilk Test for Normality 
4. Mean and 95UCL/95LCL Calculations  
5. Combined Shewhart-CUSUM Control Chart  
6. Mann-Kendall and Linear Regression Tests for Trend  
7. Sen’s Test 
8. Two-Sample T-Test 
9. Wilcoxon Rank-Sum Test 
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Chapter 10. Fitting Distributions	� UnifiedGuidance 

10.5 SHAPIRO-WILK AND SHAPIRO-FRANCÁA NORMALITY TESTS 

10.5.1 SHAPIRO-WILK TEST (N ≤ 50) 

PURPOSE AND BACKGROUND 

The Shapiro-Wilk test is based on the premise that if a data set is normally distributed, the ordered 
values should be highly correlated with corresponding quantiles (z-scores) taken from a normal 
distribution (Shapiro and Wilk, 1965). In particular, the Shapiro-Wilk test gives substantial weight to 
evidence of non-normality in the tails of a distribution, where the robustness of statistical tests based on 
the normality assumption is most severely affected. A variant of this test, the Shapiro-Francía test, is 
useful for sample sizes greater than 50 (see Section 10.5.2). 

The Shapiro-Wilk test statistic (SW) will tend to be large when a probability plot of the data 
indicates a nearly straight line. Only when the plotted data show significant bends or curves will the test 
statistic be small. The Shapiro-Wilk test is considered one of the best tests of normality available 
(Miller, 1986; Madansky, 1988). 

PROCEDURE 

Step 1.	 Order and rank the dataset from least to greatest, labeling the observations as xi for rank i = 
1…n. Using the notation x(i), let the ith rank statistic from a data set represent the ith smallest 
value. 

k k

ƒ

ÿ
⁄

ƒ


Ÿ for each i = 1…n. Then determine k as the greatest integer 

less than or equal to (n/2). 

Step 3.	 Use Table 10-2 in Appendix D to determine the Shapiro-Wilk coefficients, an–i+1 , for i = 
1…k. Note that while these coefficients depend only on the sample size (n), the order of the 
coefficients must be preserved when used in Step 4. The coefficients can be determined for 
any sample size from n = 3 up to n = 50. 

Step 4.	 Compute the quantity b given by the following equation: 

»
…
 ) − xStep 2. Compute differences x(n− i+1 ( ) i

− xb= bi (x )	 [10.9]
 =
 a n− i+1 (n-i+1) (i) 
i=1 i=1 

Note that the values bi are simply intermediate quantities represented by the terms in the sum 
of the right-hand expression in equation [10.9]. 

Step 5.	 Calculate the standard deviation (s) of the dataset. Then compute the Shapiro-Wilk test 
statistic using the equation: 

2 
»
 b ÿ


SW
 [10.10]
 =
 Ÿ
⁄ 

… 
s n − 1 
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Chapter 10. Fitting Distributions	� UnifiedGuidance 

Step 6.	 Given the significance level (Λ) of the test, determine the critical point of the Shapiro-Wilk 
test with n observations using Table 10-3 in Appendix D. To maximize the utility and power 
of the test, choose Λ = .10 for very small data sets (n < 10), Λ = .05 for moderately sized data 
sets (10 � n < 20), and Λ = .01 for larger sized data sets (n � 20). Compare the SW against the 
critical point (swc). If the test statistic exceeds the critical point, accept normality as a 
reasonable model for the underlying population. However, if SW < swc, reject the null 
hypothesis of normality at the Λ-level and decide that another distributional model might 
provide a better fit. 

�EXAMPLE 10-2 

Use the nickel data of Example 10-1 to compute the Shapiro-Wilk test of normality. 

SOLUTION 

Step 1.	 Order the data from smallest to largest, rank in ascending order and list, as shown in columns 
1 and 2 of the table below. Next list the data in reverse order in a third column. 

i x(i) x(nœi+1) x(nœi+1) œ x(i) anœi+1 bi 

1 1.0 942.0 941.0 .4734 445.47 
2 3.1 637.0 633.9 .3211 203.55 
3 8.7 578.0 569.3 .2565 146.03 
4 10.0 331.0 321.0 .2085 66.93 
5 14.0 262.0 248.0 .1686 41.81 
6 19.0 151.0 132.0 .1334 17.61 
7 21.4 85.6 64.2 .1013 6.50 
8 27.0 81.5 54.5 .0711 3.87 
9 39.0 64.4 25.4 .0422 1.07 
10 56.0 58.8 2.8 .0140 0.04 
11 58.8 56.0 œ2.8 b= 932.88 
12 64.4 39.0 œ25.4 
13 81.5 27.0 œ54.5 
14 85.6 21.4 œ64.2 
15 151.0 19.0 œ132.0 
16 262.0 14.0 œ248.0 
17 331.0 10.0 œ321.0 
18 578.0 8.7 œ569.3 
19 637.0 3.1 œ633.9 
20 942.0 1.0 œ941.0 

Step 2. Compute the differences x 
n− i+1( ) − x 

i( ) 
» 
… 

ÿ 
⁄Ÿ 

in column 4 of the table by subtracting column 2 from 

column 3. Since the total sample size is n = 20, the largest integer less than or equal to (n/2) is 
k = 10. 

Step 3. Look up the coefficients an–i+1 from Table 10-2 in Appendix D and list in column 4. 
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Chapter 10. Fitting Distributions	� UnifiedGuidance 

Step 4.	 Multiply the differences in column 3 by the coefficients in column 4 and add the first k 
products (bi) to get quantity b, using equation [10.9]. 

b =[.4734 (941.0)+ .3211(633.9) +2+ .0140 (2.8)] = 932.88 

Step 5.	 Compute the standard deviation of the sample, s = 259.72. Then use equation [10.10] to 
calculate the SW: 

» 932.88 ÿ
2 

SW = = 0.679 … Ÿ 
259.72 19 ⁄ 

Step 6.	 Use Table 10-3 in Appendix D to determine the 0.01-level critical point for the Shapiro-Wilk 
test when n = 20. This gives swc = 0.868. Then compare the observed value of SW = 0.679 to 
the 1% critical point. Since SW < 0.868, the sample shows significant evidence of non-
normality by the Shapiro-Wilk test. The data should be transformed using logarithms or 
another transformation on the ladder of powers and re-checked using the Shapiro-Wilk test 
before proceeding with further statistical analysis. � 

10.5.2	   SHAPIRO-FRANCÁA TEST (N > 50) 

The Shapiro-Wilk test of normality can be used for sample sizes up to 50. When n is larger than 
50, a slight modification of the procedure called the Shapiro-Francía test (Shapiro and Francia, 1972) 
can be used instead. Like the Shapiro-Wilk test, the Shapiro-Francía test statistic (SF) will tend to be 
large when a probability plot of the data indicates a nearly straight line. Only when the plotted data show 
significant bends or curves will the test statistic be small. 

To calculate the test statistic SF, one can use the following equation: 

»
ƒ 

ÿ
2 

» 2 2 ÿSF =	 m x… 
n

i ( ) i Ÿ …(n − 1)s ƒ
n

mi Ÿ	 [10.11] 
i=1 ⁄ i=1 ⁄ 

where x(i) represents the ith ranked value of the sample and where mi denotes the approximate expected 
value of the ith rank normal quantile (or z-score). The values for mi are approximately equal to 

≈ i ’ 
mi = ∗−1	 [10.12] Δ ÷« n + 1◊

where ∗−1 denotes the inverse of the standard normal distribution with zero mean and unit variance. 
These values can be computed by hand using the normal distribution in Table 10-1 of Appendix D or 
via simple commands found in many statistical computer packages. 

Normality of the data should be rejected if the Shapiro-Francía statistic is too low when compared 
to the critical points provided in Table 10-4 of Appendix D. Otherwise one can assume the data are 
approximately normal for purposes of further statistical analysis. 
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CHAPTER20.MULTIPLECOMPARISONS USINGCONTROL 
CHARTS 

20.1 INTRODUCTION TO CONTROL CHARTS.......................................................................................................... 20-1
 
20.2 BASIC PROCEDURE...................................................................................................................................... 20-2
 
20.3 CONTROL CHART REQUIREMENTS AND ASSUMPTIONS................................................................................ 20-6
 

20.3.1 Statistical Independence and Stationarity .......................................................................................... 20-6
 
20.3.2 Sample Sizes and Updating Background............................................................................................ 20-8
 
20.3.3 Normality and Non-Detect Data......................................................................................................... 20-9
 

20.4 CONTROL CHART PERFORMANCE CRITERIA.............................................................................................. 20-11
 
20.4.1 Control Charts with Multiple Comparisons...................................................................................... 20-12
 
20.4.2 Retesting in Control Charts .............................................................................................................. 20-14
 

This chapter describes control charts, a second recommended core strategy for detection 
monitoring. Control charts are a useful and powerful alternative to prediction limits. The Unified 
Guidance is the first EPA document to discuss retesting and simultaneous testing of multiple wells 
and/or constituents as they relate to control charts.  Research of these topics is still ongoing. 

20.1 INTRODUCTION TO CONTROL CHARTS 

Control charts are a viable alternative to parametric prediction limits for testing groundwater in 
detection monitoring. They are similar to prediction limits for future observations in that a control chart 
limit is estimated from background and then compared to a sequence of compliance point measurements. 
If any of these values exceeds the control limit, there is initial evidence that the compliance point 
concentrations exceed background. 

Control charts can be constructed as either interwell or intrawell tests. The main difference is how 
background is defined and what measurements are utilized to build the control limit. Interwell control 
charts establish the control limit from designated upgradient and potentially other background wells.  
Intrawell control charts, on the other hand, employ historical measurements from a compliance point 
well as background. Intrawell tests can only be appropriately applied if the historical compliance well 
background is uncontaminated. 

An advantage of control charts over prediction limits is that a control chart graphs the compliance 
data over time. Certain varieties can also evaluate gradual increases above background over the period 
of monitoring. Trends and changes in concentration levels can be easily seen since the sample 
observations are consecutively plotted on the chart. This provides the analyst an historical overview of 
the pattern of measurement levels. Prediction limits are typically constructed to allow only point-in-time 
comparisons between the most recent compliance data and background, making long-term trends more 
difficult to identify.1 

1	 Long-term results from repeated application of a prediction limit can be plotted over time, creating a graph similar in nature 
to a control chart. But this has been infrequently done in practice. 
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Chapter 20. Control Charts	� UnifiedGuidance 

As a well-established statistical methodology, there are many kinds of control charts. Historically, 
control charts have been put to great use in quality engineering and manufacturing, but have more 
recently been adapted for use in groundwater monitoring. The specific control chart recommended in 
the Unified Guidance is known as a combined Shewhart-CUSUM control chart (Lucas, 1982). It is a 
‘combined’ chart because it simultaneously utilizes two separate control chart evaluation procedures. 
The Shewhart portion is almost identical to a prediction limit in that compliance measurements are 
individually compared against a background limit. The cumulative sum [CUSUM] portion sequentially 
analyzes each new measurement with prior compliance data. Both portions are used to assess the 
similarity of compliance data to background in detection monitoring. 

The Shewhart-CUSUM control chart works as follows. Appropriate background data are first 
collected from the specific compliance well for intrawell comparisons or from separate background 
wells for interwell tests. The baseline parameters for the chart, estimates of the mean and standard 
deviation, are obtained from these background data. These baseline measurements characterize the 
expected background concentrations at compliance wells.  

As future compliance observations are collected, the baseline parameters are used to standardize 
the newly gathered data. After these measurements are standardized and plotted, a control chart is 
declared out-of-control if future concentrations exceed the baseline control limit. This is indicated on the 
control chart when either the Shewhart or CUSUM plot traces begins to exceed a control limit. The limit 
is based on the rationale that if the well remains uncontaminated as it was during the baseline period, 
new standardized observations should not deviate substantially from the baseline mean. If a release 
occurs, the standardized values will deviate significantly from baseline and tend to exceed the control 
limit. The historical baseline parameters then no longer accurately represent current well concentration 
levels. 

Combined Shewhart-CUSUM control charts initially featured two control limits, one for testing 
the Shewhart portion of the chart, one for testing the CUSUM portion of the chart. Later research on 
control charts (Davis, 1999; Gibbons, 1999) indicated that having separate control limits for the 
Shewhart and CUSUM procedures is generally not important. Both control chart traces can instead be 
compared to a single control limit. This modification not only makes the control chart method slightly 
easier to apply, but also aids in measuring the statistical performance of control charts over a variety of 
monitoring networks. 

20.2 BASIC PROCEDURE 

The basic procedure for constructing a control chart is presented below. Requirements and 
assumptions for control charts are discussed in later sections: 

Step 1. 	 Given n background measurements ( x jB ), estimate the baseline parameters by computing the 

sample mean ( xB ) and standard deviation (sB). 

Step 2. 	 For a compliance point measurement (xi) collected on sampling event Ti, compute the 
standardized concentration Zi: 
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Z = (x − x ) s	 [20.1] i i	 B B 

Step 3. 	 For each sampling event Ti, use the standardized concentrations from Step 2 to compute the 
standardized CUSUM Si. Set S0 = 0 when computing the first CUSUM S1. 

Si = max [0, (Zi − k )+ Si−1 ]	 [20.2] 

The notation max[A, B] in equation [20.2] refers to picking the maximum of quantities A and 
B. Furthermore, the parameter k designates half the displacement or shift in standard 
deviations that should be quickly detected on a control chart. Often k is set equal to 1, meaning 
that the control chart will be designed to rapidly detect upward concentration shifts of at least 
two standard deviations. Since Zi is standardized by the estimated baseline standard deviation, 
an increase of r units in Zi corresponds to an increase of r standard deviations above the 
baseline mean in the domain of concentrations xi. 

Step 4. 	 To plot the control chart in concentration units, compute the non-standardized CUSUMs Si
c 

with the equation: 

S c = x + S ≠ s	 [20.3] i B	 i B 

Step 5. 	 Calculate the non-standardized control limit used to assess compliance of both future 
measurements (xi) and non-standardized CUSUMs (Ui). Traditionally, two parameters were 
used to compute standardized limits: the decision internal value (h) and the Shewhart Control 
Limit (SCL). The Unified Guidance instead recommends only one standardized control limit 
(h). Compute the non-standardized control limit (hc) as: 

h = x + h ≠ s	 [20.4] c B B 

Step 6. 	 Construct the control chart by plotting both the compliance measurements (xi) and the non-
standardized CUSUMs ( Si

c ) on the y-axis against the sampling events Ti along the x-axis. 
Also draw a horizontal line at the concentration value equal to the control limit, hc. 

Step 7. 	 Moving forward in time from the first plotted sampling event T1, declare the control chart to 
be potentially out-of-control if either of two situations occurs: 1) the trace of non-standardized 
concentrations exceeds hc; or 2) the CUSUMs become too large, exceeding hc. 

The first case signifies a rapid increase in concentration level among the most recent sample 
data. The second can represent either a sudden rise in concentration levels or a gradual 
increase over time. A gradual increase or trend is particularly indicated if the CUSUM exceeds 
the control limit but the compliance concentrations do not. The reason for this is that several 
consecutive, small, increases in xi will not trigger the control limit, but may cause a large 
enough increase in the CUSUM. As such, a control chart can indicate the onset of either 
sudden or gradual contamination at the compliance point. 
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�EXAMPLE 20-1 

For background nickel data collected during 8 months in 1995 shown below, construct an intrawell 
control chart and compare it with the first 8 months of the compliance period (1996): 

Month 

1 32.8 19.0 

2 15.2 34.5 

3 13.5 17.8 

4 39.6 23.6 

5 37.1 34.8 

6 10.4 28.8 

7 31.9 23.7 

8 20.6 81.8 

Nickel Concentration (ppb) 

BaeieP ro C mpineP rosln eid o la c eid 

(1995) (1996) 

SOLUTION 

Step 1. 	 As discussed in Section 20.3.3, control charts are a parametric procedure requiring normal or 
normalized data. Test the n = 8 baseline measurements for normality. A probability plot of 
these data provided in Figure 20-1 exhibits a mostly linear trend. The Shapiro-Wilk test 
statistic computed for these data is W = 0.896. Compared to the Λ = .10 level critical point of 
w.10,8 = 0.851 (Table 10-3 of Appendix D), the Shapiro-Wilk test indicates that the baseline 
data are approximately normal. Construct the control chart using the original nickel 
measurements. 

g r -1.Po a iiy Po o B s n ce D tFiue 20 rb blt lt f aelie Nik l aa 

2 

1 

0 

-1 

-2 

10 20 30 40
 

Nickel Concentration (ppb) 
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Step 2. 	 Use the 1995 baseline nickel data to compute the sample mean and standard deviation: xB = 
25.14 ppb and sB = 11.518 ppb. Then compute the standardized concentration Zi for each 1996 
compliance period sampling event using equation [20.1]. These values are listed in the fourth 
column of the table below. 

Month Ti Nickel (ppb) Zi Ziœ k Si Si 
c 

1 1 19.0 œ0.53 œ1.53 0.00 25.14 

2 2 34.5 0.81 œ0.19 0.00 25.14 

3 3 17.8 œ0.64 œ1.64 0.00 25.14 

4 4 23.6 œ0.13 œ1.13 0.00 25.14 

5 5 34.8 0.84 œ0.16 0.00 25.14 

6 6 28.8 0.32 œ0.68 0.00 25.14 

7 7 43.7 1.61 0.61 0.61 32.16 

8 8 81.8 4.92 3.92 4.53 77.31 

Step 3. 	 Compute the standardized CUSUMs as follows. First let the shift displacement parameter k = 
1 and set S0 = 0.  After subtracting k from each Zi, calculate the CUSUM using equation [20.2] 
. Note that none of the CUSUMs are positive until the first occurrence of a positive quantity 
(Zi – k). As shown in the sixth column above, the standardized CUSUMs for the 6th, 7th and 
8th events are calculated as: 

S = max » ( ⁄
ÿ = 00, 0.32 − 1)+ 06 

S = max » ( ⁄ = 0.61 0, 1.61− 1)+ 0ÿ7 

S = max »0, 4.92 − 1)+ 0.61 ÿ⁄ = 4.53 8 ( 

Step 4. 	 Calculate the non-standardized CUSUMs ( Si
c ) using the individual Zi, baseline mean and 

standard deviation parameters in equation [20.3]. These values are listed in the last column of 
the table above. For the 8th sampling event, this calculation gives: 

cS = 25.14 + 11.518 4.53)= 77.31 8	 ( 
Step 5.	 Compute the non-standardized control limit using equation [20.4]. For purposes of this 

example, set h = 5; the non-standardized limit becomes: 

h = 25.14 + 11.518 5( )= 82.73 ppb c 

Step 6.	 Using the compliance period nickel concentrations and the non-standardized CUSUMs, plot 
the control chart as in Figure 20-2. The combined chart indicates there is insufficient evidence 
of groundwater contamination in 1996 because neither the nickel concentrations nor the 
CUSUM statistics exceed the control limit for the months examined. However, both traces 
nearly exceed hc, and conceivably might do so in future sampling events if the apparent trend 
continues. If that were to happen, retesting can be performed to better determine whether the 
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1 2 3 4 5 6 7 8
 

increase was one or a series of chance fluctuations or an actual mean-level change in nickel 
concentrations. � 
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50
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20.3 CONTROL CHART REQUIREMENTS AND ASSUMPTIONS 

As with other statistical methods, control charts are based on certain assumptions about the sample 
data. There are also some minimum requirements for constructing them. None of the assumptions or 
requirements are unique to control charts, although there are some special issues. 

20.3.1 STATISTICAL INDEPENDENCE AND STATIONARITY 

The methodology for control charts assumes that the sample data are statistically independent. A 
control chart can give misleading results if consecutive sample measurements are serially correlated (i.e., 
autocorrelated). For this reason, it is important to design a sampling plan so that distinct volumes of 
groundwater are analyzed at each sampling event (Section 14.3.1). Duplicate laboratory analyses (i.e., 
aliquot or field splits) should also not be treated as independent observations when constructing a control 
chart. Gibbons (1999) recommends that control chart observations be collected no more frequently than 
quarterly. Since physical independence does generally not guarantee statistical independence (Section 
14.1), a test of autocorrelation using the sample autocorrelation function or rank von Neumann ratio tests 
(Section 14.2) should be performed to determine whether the current sampling interval affords 
uncorrelated measurements. 

If the background data exhibit a clear seasonal cyclical pattern, the values should be deseasonalized 
before computing the control chart baseline parameters. For a seasonal pattern at a single well, the 
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method of Section 14.3.3.1 can be used to create adjusted measurements having a stable mean. At 
several or a group of wells indicating a common seasonal pattern, the adjusted values can be computed 
using a one-way analysis of variance [ANOVA] for temporal effects (Section 14.3.3.2). When baseline 
data are deseasonalized, it is essential that newly collected compliance measurements also be 
deseasonalized in the same manner. It is presumed that the same pattern or physical cause will impact 
future data in the same manner as for the baseline measurements. 

To deseasonalize compliance point measurements, simply use the seasonal and grand means 
estimated from background in computing the adjusted compliance point values. If the control chart 
remains in control following deseasonalizing, the existing background can be updated with the newer 
measurements. However, the revised background set should be checked again for seasonality and the 
seasonal and grand means re-computed, in order to more accurately adjust future measurements. 

Control charts also assume that the background mean is stationary over time. This means there 
should be no apparent upward or downward trend in the background measurements. A trend imparts 
greater-than-expected variation to the background data, increasing the baseline standard deviation and 
ultimately the control limit. The net result is a control chart that has less power to identify groundwater 
contamination. Tests for trend described in Chapter 17 can be used to check the assumption of no 
background trends. Should an upward or downward trend be verified, the background data should not be 
de-trended. While it is possible to construct and use a control chart with de-trended background and 
future data, the assumption that the trend will continue indefinitely is very problematic. The trend 
should first be investigated to ensure that background has been properly designated. Other monitoring 
wells should be checked to see if the same trend is occurring, indicating either evidence of an earlier 
release or possibly a sitewide change in the aquifer. In any case, a switch should be made to a trend test 
rather than a control chart. 

As noted, control charts can be employed as either interwell or intrawell tests. However, interwell 
control charts require a spatially stationary mean across the monitoring network. If spatial variability 
exists among background wells for certain constituents, interwell control charts will be no more 
interpretable than prediction limits. A related problem can plague intrawell control charts if there is prior 
spatial variability (i.e., some compliance wells are already contaminated prior to selection of intrawell 
backgrounds). Historical observations should be used as baseline data in intrawell tests only if the 
compliance wells are known to be unaffected by a release from the monitored unit. Otherwise, the 
control limit based on the greater-than-expected background values may be set too high to identify 
current contamination. 
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Chapter 20. Control Charts UnifiedGuidance 

20.3.2 SAMPLE SIZES AND UPDATING BACKGROUND 

Both background mean and standard deviation estimates are needed to construct a control chart 
limit. The Unified Guidance recommends at least n = 8 measurements for the defining the baseline, 
particularly to ensure an accurate standard deviation estimate. Baseline observations are traditionally not 
plotted on the chart, although it may be visually helpful to include background values on the plot using a 
distinct symbol (e.g., hollow instead of filled symbol). 

Whether baseline observations are obtained from upgradient background wells for interwell testing 
or from individual compliance well historical data for intrawell use, these data are only small random 
samples used to estimate the true background population characteristics. Any particular sample set may 
not be adequately representative. Because of this likelihood, the background sample size requirements 
suggested above for constructing a control chart should be regarded as a minimum. More background 
observations should preferably be added to the initial set to improve the characterization of the 
background distribution. 

For interwell control charts, periodic updating of background (Chapter 5) poses no difficulty. New 
observations should be collected at background wells on each sampling event. Then, every 1-2 years, the 
newly collected background should be added to the existing background pool after testing/checking for 
statistical similarity. The revised background can be used to re-compute the baseline parameters and, in 
turn, the control limit. 

Updating background for intrawell control charts depends on the control chart remaining ‘in-
control’ for several consecutive sampling events. As long as a confirmed exceedance does not occur, the 
in-control compliance measurements collected since the last background update can be tested against the 
existing background for statistical similarity using a Student's t- or Wilcoxon rank-sum test (Section 
5.3). ASTM Standard D6312-98 (1999) recommends testing the newly revised background set for 
trends, using trend tests including those in Chapter 17. The ASTM methodology is intended to avoid 
incorporating a subtle trend into the control chart background, which influences the re-computed 
baseline parameters and weakens the statistical power of the control chart to identify contaminant 
releases. 

If the comparison of recent in-control measurements against existing background indicates a 
statistically significant difference, it may reflect changes in natural groundwater conditions unrelated to 
contamination events. In these circumstances, it is possible to update background by creating a ‘moving 
window.’ The background sample size n remains fixed, with only the most recent n measurements 
included as background for computing baseline parameters. Earlier sampling events are excluded. The 
overriding goal is to ensure that background reflects the most current and representative groundwater 
conditions (Chapter 3). 

Despite the apparent benefits, the statistical performance of control charts is only partially known 
when background is periodically updated. Davis (1999) has performed the most extensive simulations 
of this question. He suggests that substantially different simulation results occur with the CUSUM 
portion when background is periodically updated (especially early on) and combined with either a small 
maximum run length or a ‘warm-up’ period or both (see Section 20.4.1). 
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Two other issues affect both control charts and prediction limits when updating intrawell 
background. First, if background is periodically augmented by adding new measurements (either from 
upgradient background wells or from recent in-control compliance measurements), the overall 
background sample size is increased. This in turn should cause the prediction or control chart limit to 
decrease. 

For instance, prediction limit tables in Chapter 19 demonstrate that as the background sample 
size increases, lower prediction limit φ−multipliers are appropriate. The expanded background sample is 
used to re-compute the prediction limit, provided that the measurements added to background do not 
indicate an adverse change in groundwater quality. New compliance measurements are then tested 
against the revised prediction limit. But the same cannot be done with control charts unless the CUSUM 
is reset to zero. The reason is that the CUSUM will have already been affected by those compliance 
measurements now being added to intrawell background. An independent comparison between 
compliance point values and background is thus precluded. Consequently, the Unified Guidance 
recommends that the CUSUM portion of the control chart be reset after each periodic update of intrawell 
background.2 

The second issue is how to update intrawell background when an initial measurement has exceeded 
the control or prediction limit, but one or more resamples disconfirm the exceedance. Routine detection 
monitoring continues in this situation. No confirmed exceedance is registered for a prediction limit test 
and the control chart remains in-control. Should the initial exceedance be included or excluded when 
later updating intrawell background? 

The Unified Guidance recommends a strategy parallel to the handling of outliers (Chapter 12). If 
the exceedance can be shown to be a measurement in error or a confirmed outlier, it should be excluded 
from the revised background. Otherwise, any disconfirmed exceedances (including any resamples that 
exceed the background limit but are disconfirmed by other resamples) should probably be included when 
updating the background. The reason is that background limits designed to incorporate retesting are 
computed as low as possible to ensure adequate statistical power. The trade-off is that compliance 
measurements legitimately similar to background but drawn from the upper tail of the distribution, 
sometimes exceed the limit and have to be disconfirmed with a resample. Any exceedance not 
documented as an error or outlier is most likely representative of some portion of the background 
population that previously had gone unsampled or unobserved. 

20.3.3 NORMALITY AND NON-DETECT DATA 

The combined Shewhart-CUSUM control chart is a parametric procedure. This implies that 
background used to estimate the baseline parameters should either be normal or normalized via a 
transformation. Normality can be tested on either the raw measurement or transformed scale using one of 
the goodness-of-fit techniques described in Chapter 10. If the hypothesis of normality is accepted, 

2	 The same ‘overlapping’ dependence between the CUSUM and revised background will also be true when background is 
updated using a ‘moving window’ approach. The CUSUM should therefore be reset in these cases too. However, since the 
background sample size is kept fixed, the standardized control limit (h) will not decrease as it does when background is 
augmented. 
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construct the control chart on the raw measurements. If it is rejected, try a transformation and retest the 
transformed data for normality. If the transformation works to normalize background, construct the 
control chart on the transformed measurements, being sure to use the same transformation on both 
background and the compliance values to be plotted. 

Unlike prediction limits, no non-parametric version of the combined Shewhart-CUSUM control 
chart exists. If the background sample cannot be normalized perhaps due to a large fraction of non-
detects, a non-parametric prediction limit should be considered (Section 19.4). Control charts will be 
most appropriate for those constituents with a reasonably high detection frequency. These include many 
inorganic constituents (e.g., certain trace elements, indicators and geochemical monitoring parameters) 
that occur naturally in groundwater, or for other persistently detected, site-specific organic chemicals. 

If no more than 10-15% of the data are non-detect, it may be possible to normalize the data via 
simple substitution (Section 15.2) of half the reporting limit [RL] for each background non-detect. A 
normalizing transformation can sometimes be found using a censored probability plot (Chapter 15) for 
background data containing a substantial fraction of non-detects up to 50%. A censored estimation 
technique such as Kaplan-Meier or Robust Regression on Order Statistics [Robust ROS] (Chapter 15) 
can then be used to compute estimates of the baseline mean ( µ̂ B ) and standard deviation ( λ̂ B ) that 
account for the left-censored measurements. These adjusted estimates should replace the background 
sample mean ( xB ) and standard deviation (sB) in the control chart equations of Section 20.2. The 
Unified Guidance differs somewhat from the recommended approach in ASTM Standard D6312-98 
(ASTM, 1999), which is to set all non-detects identically to zero. 

No matter how background non-detects are treated, control charts require an additional step for 
future observations that isn't needed with prediction limits. Each new compliance point measurement 
statistic must be added to the CUSUM associated with previous sampling events. If the new observation 
is a non-detect, some value (typically a fraction of the RL) needs to be imputed for the censored 
measurement in order to update the CUSUM. The Unified Guidance recommends that half the RL be 
substituted for these measurements.3 

3	 If an intrawell control chart is constructed and it remains ‘in-control’ until the next background update, any non-detects 
observed in the meantime should be treated as left-censored measurements for purposes of updating the baseline mean and 
standard deviation estimates. In other words, the simple substitution of RL/2 should only apply temporarily to compute an 
updated CUSUM. 
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20.4 CONTROL CHART PERFORMANCE CRITERIA 

A significant difference exists between control charts and prediction limits in setting statistical 
performance criteria. Standard equations described in previous chapters allow the user to generate an 
exact confidence level (1–�) for prediction limits. Obtaining similar confidence levels for the Shewhart-
CUSUM control charts needs to be done experimentally through varying the two background control 
chart limits (h) and the displacement parameter (k), as well as the retesting options. The control chart 
parameter limits in the two previous EPA RCRA statistical guidance documents were based on work by 
Lucas (1982), Hockman & Lucas (1987), and Starks (1988). Monte Carlo simulations for various 
combinations of control chart parameters (without retests) were used to develop the overall 
recommendations in their papers. 

The specific parameter choices were not fixed, but appeared to work best in simulations at a single 
well. Starks (1988) recommended setting h = 5 and k = 1 for standardized measurements, especially in 
the early stages of monitoring. He further suggested that after 12 consecutive in-control measurements, 
the baseline mean and standard deviation be updated to include more recent sampling measurements. 
The values of k and SCL (the separate Shewhart control limit) could then be reduced to k = 0.75 and SCL 
= 4.0. In effect, this tightens the control chart limits to reflect that additional data are available to better 
characterize the baseline population. 

More recent research (notably Gibbons, 1999) has demonstrated that control charts from the 
quality control literature do not account for several important characteristics of groundwater monitoring 
networks. The most important is the problem of multiple comparisons (i.e., the need to simultaneously 
conduct testing of many well-constituent pairs during an evaluation period described in Chapter 6). 
Control chart performance is typically assessed on an individual well basis, rather than over a network of 
simultaneous tests. The recommended control limits have no obvious connection to the expected false 
positive rate (Λ), nor is the traditional control limit adjustable like the φ-factor in prediction limits. 
There is a need to account for differences in background sample sizes, a desired false positive rate, and 
the number of monitoring network tests in similar fashion to prediction limits. Moreover, early research 
and guidance did not address the issue of retesting in control charts. Retesting provides substantial 
improvements in prediction limit performance, and its potential needs to be evaluated for control charts. 

It is standard practice to discuss the performance of prediction limits in terms of statistical power 
and false positive rates. However, statistical performance of control charts is usually measured via the 
average run length [ARL]. The ARL is the average number of sampling events before the control limit 
is first exceeded, identifying an ‘out-of-control’ process. Ideally, the ARL should be large when the 
mean concentration of the tested constituent is at or near the baseline average, but increasingly smaller as 
the true mean is gradually shifted above baseline. 

Put in standard statistical terms, the control chart should not easily or quickly signal false evidence 
of a release when a release has not occurred. To have a low false positive rate when the null hypothesis 
of no contamination is true, the chart should stay ‘in-control’ for a long time indicated by a large ARL. 
The statistical power for detecting a release when it occurs should be as high as possible. A short ARL 
will indicate that a control chart is quickly determined to be out-of-control. 
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False positive rates (Λ) for CUSUM control charts cannot be equated precisely with ARLs. But it 
has been found that the ARLs closely follow a geometric distribution pattern with a mean equal to (1/Λ). 
Thus, a control chart with an ARL of 100 would have an associated false positive rate of roughly 1%. 
The relationship is not exact, especially for combined Shewhart-CUSUM control charts. It is also 
affected by the randomness in the background data used to establish the control chart baseline. 

Thus, the Unified Guidance offers a new framework for measuring control chart statistical 
performance. It is suggested that measuring false positive rates in control charts be conducted by 
establishing a time frame or run length of interest, specifically, a period of one year. A false positive is 
counted if the chart has a confirmed exceedance sometime during the year, under the assumption of no 
contaminant release. Statistical power is similarly evaluated for a fixed time interval (e.g., one year) by 
measuring the proportion of run lengths with confirmed exceedances during that interval. In this way, 
both the false positive rate and power are tied to a specific one-year time frame. 

This framework is consistent with the guidance recommendations that prediction limit 
performance be measured according to an annual, cumulative 10% site-wide false positive rate 
[SWFPR] and that cumulative, annual effective power be comparable to the EPA reference power curves 
[ERPC]. The suggested framework for control charts allows a direct comparison with prediction limits 
when designing alternate statistical approaches. 

20.4.1 CONTROL CHARTS WITH MULTIPLE COMPARISONS 

Until recently, control charts were not designed to address the SWFPR when testing multiple well-
constituent pairs. Furthermore, it was not clear to a user how to adjust for multiple tests using fixed 
control limits (SCL, k and h). Because of these problems, Gibbons (1999) performed a series of Monte 
Carlo simulations to gauge intrawell control chart performance for up to 500 simultaneous tests. 
Gibbons also examined the outcomes when the single Shewhart and CUSUM decision limit was allowed 
to vary between h = {4.5, 5.0, 5.5, and 6.0}. He found that control charts could be designed with both 
high power and a low SWFPR, as long as retesting was incorporated into the methodology. 

Additional Monte Carlo simulation work was performed by Davis (1999). He found that control 
charts perform similarly to prediction limits when both use retests. But he also noted that certain 
favorable outcomes in Gibbons (1999) were the result of combining frequent updating of background 
and a ‘warm-up’ period for the chart. In the latter period, any control limit exceedances were ignored. 
The simulations were based on small maximum run lengths. 

Other researchers have noted (for instance, Luceño and Puig-Pey, 2000) that the run length 
distribution of CUSUM control charts is often close to geometric. This implies that even when the ARL 
is large, there can be significant probability of an early failure. The difficulty in a real-life setting is that 
one will not know whether an early exceedance of the control limit is due to contaminated groundwater 
or simply a false positive exceedance for an otherwise in-control chart. This guidance recommends 
against the use of ‘warm-up’ periods when implementing or assessing the performance of Shewhart-
CUSUM control charts. 

20-12 March2009 



      

     

                
                

                
                

             
                 
              

                   
          

               
    

               
                 

            
          

             
               

                 
               

              
                

            
            
 

             
                

        

                 
                 

        

                
               
                    

                 
                 

              
                 

Chapter 20. Control Charts	� UnifiedGuidance 

Gibbons (1999) provides results for a number of control chart limit options, but does not determine 
limits which can provide exact false positive rate control. A number of potential commonly applied 
retesting strategies are also not evaluated. In contrast, both Gibbons (1994) and the Unified Guidance 
(Chapter 19) do provide such control for prediction limits using a wider array of retesting strategies. 

Facilities may need to conduct theirown specific Monte Carlo simulations if the published 
literature options cannot be applied at their site. Simulations might be needed for either intrawell or 
interwell control charts or both. Overall methodologies for Monte Carlo simulations are provided 
below. The first step for either type test is a simulation of the cumulative annual false positive rate. 
Then a second simulation measures the cumulative, annual statistical power. 

To perform an intrawell simulation, repeat the following steps for a large number of simulations 
(e.g., Nsim = 10,000): 

1.	 Determine the total number of well-constituent pairs for which statistical testing is required, as 
well as the number of pairs at which intrawell control charts will be constructed. Use the basic 
subdivision principle (Section 19.2.1) to determine the per-test false positive rate (�test) 
associated with each control chart that meets the target SWFPR. 

2.	 Determine the intrawell background sample size (n). Generate n standard normal measurements. 
Then form baseline estimates by computing the sample mean ( xB ) and standard deviation (sB). 

3.	 Pick a set of possible standardized control limits (h). Choose a maximum run length (M), based 
on the number of sampling events conducted each year (e.g., M = 4 for quarterly sampling). 

4.	 For each potential control limit (h), compute the non-standardized control limit using equation 
[20.4]. Then simulate the behavior of the control chart from sampling event 1 to sampling event 
M by generating standard normal compliance measurements for each event. Generate enough 
random measurements to account for resamples potentially needed with a selected retesting 
strategy. 

5.	 Test the initial measurement associated with each sampling event against the non-standardized 
control limit. Also form the CUSUM for events 1 to M using equations [20.2] and [20.3]. 
Compare the non-standardized CUSUM against the control limit. 

6.	 If either the initial measurement or the CUSUM exceeds hc, use the resample(s) for that sampling 
event to perform a retest (see below). If the retest confirms the initial exceedance, record a false 
positive for that particular simulation (out of Nsim). 

7.	 After all Nsim runs have been conducted, compute the observed false positive rate (�h) associated 
with each possible standardized control limit (h) by dividing Nsim into the number of observed 
false positives. Set the final control limit equal to that value of h for which �h is closest to �test. 

The simulation for an interwell control chart is similar to the intrawell case, with a few key 
differences. First, instead of a per-test false positive rate, the basic subdivision principle must be used to 
compute a per-constituent false positive rate (�const). The reason is that the same background 
measurements for a given constituent are used to test each of the compliance wells in the network. 
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Secondly, when generating standard normal compliance point measurements in Step 4 of the intrawell 
simulation, a set of such random observations needs to be generated for each of the w wells in the 
network. The behavior of w control charts must be simulated using a common set of background data 
and single control limit for each one. 

Once a control limit meeting the target SWFPR has been established, a second Monte Carlo 
simulation is run to determine the statistical power of the control chart. Since effective power is defined 
as the ability to flag a single contaminated well-constituent pair, the basic steps are the same for either 
interwell or intrawell control charts. Repeat the following over a large number of simulations (Nsim). 

1.	 Determine the background sample size (n). Generate n standard normal measurements. From 
these, form baseline estimates by computing the sample mean ( xB ) and standard deviation (sB). 

2.	 Using the standardized control limit (h) chosen in the first Monte Carlo simulation, compute a 
non-standardized control limit using equation [20.4]. Then simulate the behavior of the control 
chart from sampling event 1 to sampling event M by generating sets of normal N(�,1) 
compliance measurements for each event, where � varies from 1 to 5 by unit steps. Generate 
enough random measurements in each set to account for resamples potentially needed with a 
selected retesting strategy. 

3.	 For each set of successively higher-valued compliance measurements, test the initial 
measurement associated with each sampling event against the non-standardized control limit. 
Also form the CUSUM for events 1 to M using equations [20.2] and [20.3]. Compare the non-
standardized CUSUM against the control limit. 

4.	 If either the initial measurement or the CUSUM exceeds hc, use the resample(s) for that sampling 
event to perform a retest (see below). If the retest confirms the initial exceedance, record a true 
detection for that particular mean-level � and simulation (out of Nsim). 

5.	 After all Nsim runs have been conducted, compute the observed power (1–�) associated with each 
true mean level (�) by dividing Nsim into the number of observed detections. The simulated 
effective power curve for standardized control limit (h) is a plot of (1–�) versus � for � = 1 to 5. 

If the standardized control limit identified during Monte Carlo simulation has effective power 
comparable to the appropriate ERPC (matching the site-specific sampling frequency to one of the three 
curves in Chapter 6: quarterly, semi-annual, or annual), h can be used to form site-specific control 
limits. For interwell limits, compute the (upgradient) background mean and standard deviation for each 
monitoring constituent and use equation [20.4] to form the final, non-standardized control limits. For 
intrawell limits, use the same equation only with intrawell background at each well-constituent pair. 

20.4.2 RETESTING IN CONTROL CHARTS 

Control chart and prediction limit tests are only practical for most monitoring networks if retesting 
is part of the procedure, demonstrated both by Gibbons (1999) and Davis (1999). A key issue is to 
decide how control chart retesting should be conducted. Practical retesting strategies for prediction 
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Chapter 20. Control Charts UnifiedGuidance 

limits on future observations are described in Section 19.1, including both 1-of-m (for m = 2, 3, 4) and 
modified California plans. 

ASTM Standard D6312-98 (1999) recommends a 1-of-2 retesting strategy: whenever an 
exceedance of the control limit occurs on a given sampling event, the next quarterly sampling event is 
used as the resample. Furthermore, if the exceedance is not confirmed by the resample, the ASTM 
standard recommends that the initial exceedance be replaced in the CUSUM by the follow-up sampling 
event, thus implicitly assuming that the initial observation was an error. 

Gibbons (1999) considers the performance of other retesting plans, including 1-of-2, 1-of-3, and 
the original Cal-3 plan (see Section 19.1 and Appendix B). For each plan, resampling is triggered when 
the most recent observation either by itself exceeds or causes the CUSUM to exceed the limit. Then, 
each resample (if more than one) is compared against h. The initial exceedance measurement is 
removed from the CUSUM computation, replaced by the resample, and then re-compared to the control 
limit. A statistically significant increase [SSI] is declared only if the resample verifies the initial 
exceedance (or both resamples for a 1-of-3 plan). 

Gibbon's study and ASTM Standard D6312-98 raises an important concern as to the most 
statistically powerful treatment of the CUSUM when an initial exceedance is not confirmed by retesting. 
A second concern addresses when resamples should be collected. 

The Unified Guidance suggests two practical possibilities to address the first concern. The initial 
exceedance can be removed from the CUSUM altogether, re-setting the CUSUM to its value from the 
previous sampling event. As noted above, this is essentially assuming the first sampling event was in 
error. Another option is to replace the initial exceedance by the first resample which disconfirms the 
exceedance, and then re-compute the CUSUM with that resample. 

In either strategy, the effects on statistical power and accuracy should be simulated when 
constructing site-specific control limits as in the procedure outlined above. Both the false positive rate 
and power depend on a faithful simulation of all aspects of the control chart testing procedure. This 
includes background sample size, the number of well-constituent pairs evaluated, the retesting strategy 
and how the CUSUM is adjusted for resampling. 

The second issue concerns when resamples should be collected. The Unified Guidance does not 
recommend using the next scheduled sampling event as a resample. If the exceedance were due to a 
laboratory analytical error or calculation mistake, a more quickly retrieved resample can resolve the 
discrepancy without waiting until the next quarterly or semi-annual monitoring event. 

Where multiple resamples are used (a 1-of-3 plan, for instance), one would have to wait two 
additional sampling rounds simply to collect the resamples. These in turn could not be plotted on the 
control chart as regular sampling events without intermingling the roles of resamples and non-resamples, 
thereby complicating the interpretation and assessment of control chart performance. The common 
guidance recommendation is to identify an intermediate period or periods for resampling between 
regularly scheduled evaluations for both control charts and prediction limits. 
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Chapter 17. ANOVA, Tolerance Limits & Trend Tests	� Unified Guidance 

Z = (196 − 1) 37.79 = 5.16
 

Step 4.	 The Z statistic can be compared to a critical point from the standard normal distribution in 
Table 10-1 in Appendix D. As large as it is, the test statistic is bigger than the critical point 
for any usual significance level, suggesting that the trend appears to be real and not just a 
chance artifact of the sample. � 

Fiue 17-6. Tme Seis Po o Suft o cnrto s (pg r i re lt f lae C ne tain p m) 
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Sampling Date 

17.3.3 THEIL-SEN TREND LINE 

BACKGROUND AND PURPOSE 

The Mann-Kendall procedure is a non-parametric test for a significant slope in a linear regression 
of the concentration values plotted against time of sampling. But the Mann-Kendall statistic S does not 
indicate the magnitude of the slope or estimate the trend line itself even when a trend is present. This is 
slightly different from parametric linear regression, where a test for a significant slope follows naturally 
from the estimate of the trend line. Even a relatively modest slope can be statistically distinguished from 
zero with a large enough sample. It is best to first identify whether or not a trend exists, and then 
determine how steeply the concentration levels are increasing over time for a significant trend. The 
Theil-Sen trend line (Helsel, 2005) is a non-parametric alternative to linear regression which can be used 
in conjunction with the Mann-Kendall test. 

The Theil-Sen method handles non-detects in almost exactly the same manner as the Mann-
Kendall test. It assigns each non-detect a common value less than any other detected measurement (e.g., 
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half the RL). Unlike the Mann-Kendall test, however, the actual concentration values are important in 
computing the slope estimate in the Theil-Sen procedure. The essential idea is that if a simple slope 
estimate is computed for every pair of distinct measurements in the sample (known as the set of pairwise 
slopes), the average of this series of slope values should approximate the true slope. The Theil-Sen 
method is non-parametric because instead of taking an arithmetic average of the pairwise slopes, the 
median slope value is determined. By taking the median pairwise slope instead of the mean, extreme 
pairwise slopes — perhaps due to one or more outliers or other errors — are ignored and have little if 
any impact on the final slope estimator. 

The Theil-Sen trend line is also non-parametric because the median pairwise slope is combined 
with the median concentration value and the median sample date to construct the final trend line. As a 
consequence of this construction, the Theil-Sen line estimates the change in median concentration over 
time and not the mean as in linear regression. 

REQUIREMENTS AND ASSUMPTIONS 

The Theil-Sen procedure does not require normally-distributed trend residuals as in a linear 
regression. It is also not critical that the residuals be homoscedastic (i.e., having equal variance over 
time and with increasing average concentration level). It is important to have at least 4 and preferably at 
least 8 or more observation on which to construct the trend. But trend residuals are assumed to be 
statistically independent. Approximate checks of this assumption can be made using the techniques of 
Chapter 14, once the estimated trend has been removed and the number of non-detect data is limited. 
Sampling events should also be spaced far enough apart relative to the site-specific groundwater velocity 
so that an assumption of physical independence of consecutive sample volumes is reasonable. 

A more difficult problem is encountered when a large fraction of the data is non-detect. As long as 
less than half the measurements are non-detects occurring in the lower part of the observed concentration 
range, the median concentration value will be quantified and the median pairwise slope will generally be 
associated with a pair of detects. Larger proportions of non-detect data make computation of the Theil-
Sen trend line more difficult and uncertain. The reason is that each time a non-detect is paired with a 
quantified measurement, the pairwise slope is known only within a range of values. One end of the range 
results from supposing the true non-detect concentration is equal to zero; the other when the non-detect 
concentration is equal to the RL. 

PROCEDURE 

Step 1. Order the data set by sampling event or time of collection, x1, x2, to xn. Then consider all 
possible distinct pairs of measurements, (xi, xj) for j > i. For each pair, compute the simple 
pairwise slope estimate: 

m = (x − x ) (j − i) [17.32] ij j i 

With a sample size of n, there should be a total of N = n(n–1)/2 such pairwise estimates mij. If 
a given observation is a non-detect, use half the RL as its estimated concentration. 

Step 2. Order the N pairwise slope estimates (mij) from least to greatest and rename them as m(1), m(2), 
…, m(N). Then determine the Theil-Sen estimate of slope (Q) as the median value of this list. 
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Finding this value will depend on whether N is even or odd, but the following equation can be 
used: 

À
 if N  is odd m 
N +1» ÿ⁄ 2( ) 

N 2 N + 2ÿ⁄ 2() + m ) 2 
» ) 

Q =
 [17.33]
 
if N  is even (m( 

Œ
Ã 
Œ
Õ 

Step 3. Order the sample by concentration magnitude from least to greatest, x(1), x(2), to x(n). Determine 
the median concentration with the formula: 

(x + xn 2 (n + 2) 2 

À
Ã
Õ

if n is odd x(n +1) 2~
 x = [17.34]
 )
 2 if n is even 

Again replace each non-detect by half its RL during this calculation. Also find the median 
sampling date ( ~ t ) using the ordered times t1, t2, to tn by a similar computation. 

Step 4.	 Compute the Theil-Sen trend line with the equation: 

~ ~~ ~ x = x + Q ≠ (t − t ) = (x −Q ≠ t ) + Q ≠ t	 [17.35] 

Using equation [17.35], an estimate can be made at any time (t) of the expected median 
concentration (x). 

�EXAMPLE 17-7 

Use the following sodium measurements to compute a Theil-Sen trend line. Note that the sample 
dates are recorded as the year of collection (2-digit format) plus a fractional part indicating when during 
the year the sample was collected. This allows an annual slope estimate, since 1 unit = 1 year. 

Sample Sodium Conc. 

Date (yr) (ppm) 

89.6 56 

90.1 53 

90.8 51 

91.1 55 

92.1 52 

93.1 60 

94.1 62 

95.6 59 

96.1 61 

96.3 63 

SOLUTION 

Step 1.	 Compute the pairwise slopes for each distinct pair of measurements using equation [17.32]. 
With n = 10 observations, there will be a total of 10(9)/2 = 45 such pairs. The first few are 
listed below: 
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m = (53 − 56 ) (
(
( 

90.1− 89.6 )= −612 

m13 = (51− 56 ) 90.8 − 89.6 )= −4.17 

m = (55 − 56 ) 91.1− 89.6 )= −.667 14 

Step 2.	 Since the total number of distinct pairs is odd, sort the list of pairwise slopes as in the table 
below and let Sen’s estimated slope equal the middle or 23rd largest value in this list. This 
gives an estimate of Q = 1.33 ppm increase per year, an estimate in line with the time series 
plot of Figure 17-7. 

~ Step 3.	 Compute the median concentration value ~ x = 57.5 and the median sample date t = 92.6 from 
the table above. Then calculate the Theil-Sen trend line using the slope estimate from Step 2: 

x = 57.5 + 1.333 (t − 92.6 )= −65.97 + 1.333t 

This trend line can be used to estimate the predicted median concentration (x) at any desired 
time in years (t). For example, at the beginning of 1998 (t = 98), the trend line would predict a 
median sodium concentration of approximately x = 64.7 ppm. � 

Rank Pairwise Rank Pairwise 

Slope Slope 

1 -6 24 1.538 

2 -4.167 25 1.613 

3 -3 26 1.667 

4 -2.857 27 1.887 

5 -2 28 2 

6 -1.6 29 2 

7 -0.667 30 2 

8 -0.5 31 2.182 

9 -0.5 32 2.25 

10 -0.4 33 2.25 

11 0.333 34 2.333 

12 0.455 35 2.333 

13 0.5 36 2.5 

14 0.769 37 2.619 

15 0.769 38 3.333 

16 0.889 39 3.913 

17 0.938 40 4 

18 1.045 41 5 

19 1.091 42 5.714 

20 1.143 43 8 

21 1.2 44 10 

22 1.333 45 13.333 

23 1.333 
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AFCEE MONITORING AND REMEDIATION OPTIMIZATION SYSTEM SOFTWARE 

APPENDIX A.2: STATISTICAL TREND ANALYSIS 
METHODS 

Authors: Newell, C.J. and Aziz, J.J., Groundwater Services, Inc. 

This appendix details the data evaluation and remedy selection procedures employed by the 
Monitoring and Remediation Optimization System (MAROS) Software. The procedures 
outlined below were developed to assess appropriate response measures for affected 
groundwater plumes based on scientifically sound quantitative analyses of current and 
historical site groundwater conditions. 

Initial Site Investigation 

Evaluation of groundwater plume conditions and appropriate response measures requires 
adequate site characterization, including plume delineation. Therefore, for the compliance 
monitoring evaluation, the minimum required site information includes: 

•	 Constituents of Concern (COCs): Individual constituents must be identified along with 
their relevant source areas and transport mechanisms. 

•	 Site Hydrogeology: Site stratigraphy and groundwater flow velocity and direction must 
be identified. 

•	 Affected Groundwater: Plume must be completely delineated for each COC to ensure that 
the results of the compliance monitoring assessment are reliable and not erroneously 
influenced by a migrating plume. 

•	 Time-Series Groundwater Monitoring Data:  Historical record must be compiled for each 
COC and meet the minimum data requirements described below. 

•	 Actual and Potential Groundwater Receptors:  Well locations, groundwater-to-surface water 
discharge locations, underground utilities, or other points of exposure must be 
identified. 

•	 Current or Near-Term Impact?:  Any current or near-term receptor impact (defined for 
this evaluation as occurring in zero to two years) must be assessed.  Plumes posing 
current or near-term impact on applicable receptors are referred for immediate 
evaluation of appropriate risk management measures. 

Site Conceptual Model 
The EPA recommends the use of conceptual site models to integrate data and guide both 
investigative and remedial actions (e.g., see EPA, 1999). A conceptual site model (CSM) is a 
three-dimensional representation that conveys what is known or suspected about contamination 
sources, release mechanisms, and the transport and fate of those contaminants. The conceptual 
model provides the basis for assessing potential remedial technologies at the site. In the context 
of the MAROS software, conceptual model development prior to software use would allow the 
user to better utilize the information gained through the various software modules as well as 
provide guidance for assessing the data that would best typify historical site conditions. 

It is recommended that available site characterization data should be used to develop a 
conceptual model for the site prior to the use of the MAROS software. The conceptual model 
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AFCEE MONITORING AND REMEDIATION OPTIMIZATION SYSTEM SOFTWARE 

should include a three-dimensional representation of the source area as a NAPL or region of 
highly contaminated ground water, of the surrounding uncontaminated area, of ground water 
flow properties, and of the solute transport system based on available geological, biological, 
geochemical, hydrological, climatological, and analytical data for the site (EPA, 1998). Data on 
the contaminant levels and aquifer characteristics should be obtained from wells and boreholes 
which will provide a clear three-dimensional picture of the hydrologic and geochemical 
characteristics of the site. High concentrations of dissolved contaminants can be the result of 
leachates, rinse waters and rupture of water conveyance lines, and are not necessarily associated 
with NAPLs. 

This type of conceptual model differs from the more generic conceptual site models commonly 
used by risk assessors that qualitatively consider the location of contaminant sources, release 
mechanisms, transport pathways, exposure points, and receptors. However, the conceptual 
model of the ground water system facilitates identification of these risk-assessment elements for 
the exposure pathways analysis. After development, the conceptual model can be used to help 
determine optimal placement of additional data collection points, as necessary, to aid in the 
natural attenuation investigation and to develop the solute fate and transport model. 
Contracting and management controls must be flexible enough to allow for the potential for 
revisions to the conceptual model and thus the data collection effort. 

Successful conceptual model development involves (EPA, 1998): 

•	 Definition of the problem to be solved (generally the three dimensional nature, magnitude, 
and extent of existing and future contamination). 

•	 Identification of the core or cores of the plume in three dimensions. The core or cores 
contain the highest concentration of contaminants. 

•	 Integration and presentation of available data, including: 
- Local geologic and topographic maps, 

- Geologic data, 
- Hydraulic data, 

- Biological data, 
- Geochemical data, and 
- Contaminant concentration and distribution data. 

•	 Determination of additional data requirements, including: 
- Vertical profiling locations, boring locations and monitoring well spacing in three 
dimensions, 
- A sampling and analysis plan (SAP), and 
- Other data requirements. 

Conceptual model development prior to use of the MAROS software will allow more accurate 
site evaluation through quality data input (i.e. identification of source and tail wells, etc.), as 
well as viewing the MAROS results in light of site-specific conditions. The conceptual model 
will also allow the user to gain insight into the type and extent of site data that is needed to 
fulfill minimum data requirements in order to fully utilize the MAROS software. 

Minimum Data Requirements 

Compliance Monitoring data evaluation must be based on data from a consistent set of wells 
over a series of periodic sampling events. Statistical validity of the constituent trend analysis 
requires constraints on the minimum data input. To ensure a meaningful comparison of COC 
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concentrations over time and space, the following minimum requirements were imposed on the 
time-series groundwater monitoring data: 

• Number of Wells:  Evaluation should include data from at least four wells (ASTM , 1998) 
in which COCs have been detected. May include up to two wells which have not 
exhibited COCs during more recent sampling events being analyzed, but in which COCs 
were previously detected. As many wells should be included in the evaluation as 
possible, subject to the other minimum data requirements. 

• 	Minimum Data per Well:  Data for each well should include at least four measured 
concentrations over six sampling events during the time period being analyzed. For any 
well, data may not be missing from more than two consecutive sampling events. 
Guidelines given by ASTM, 1998 notes that a minimum of more than one year of 
quarterly monitoring data of 4 or 5 wells is needed to establish a trend. 

• Number of Sampling Events:  Evaluation should
 
include at least six most-recent sampling events 
 Sufficient Data: At least four wells 

with four or more independentwhich satisfy the minimum groundwater data 
sampling events per well arerequirements specified above. For this 
availableevaluation, it is suggested that the user
 

consolidate multiple sampling dates within a
 Insufficient Data: Fewer than four
single quarter to consider them to be a single wells or fewer than 4 independent 
sampling event, with multiple measurements of sampling events per well are 
the same constituent subject to a user defined available.
 
consolidation (e.g. average). The sampling
 
events do not need to be the same for each well.  


Although the software will calculate trends for fewer than four wells and a minimum of 4 
sampling events, the above criteria will ensure a meaningful evaluation of COC trends over 
time. The minimum requirements described would apply only to “well behaved” sites, for most 
sites more data is required to obtain an accurate representation of COC trends. Sites with 
significant variability in groundwater monitoring data (due to water table fluctuation, variations 
in groundwater flow direction, etc.) will require more data to obtain meaningful stability trends. 
Essentially, the plume you are evaluating should be delineated with adequate consecutive 
sampling data to accurately evaluate the concentration trend with time. 

Plume Stability Analysis 

Confirmation of the effective performance of monitored natural attenuation as a stand-alone 
remedial measure requires the demonstration of primary lines of evidence, i.e., actual 
measurement of stable or shrinking plume conditions based on evaluation of historical 
groundwater monitoring data. For a delineated plume, a stable or shrinking condition can be 
identified by a stable or decreasing concentration trends over time. For this analysis, an overall 
plume condition was determined for each COC based on a statistical trend analysis of 
concentrations at each well, as described below. 

STATISTICAL TREND ANALYSIS:  CONCENTRATION VS. TIME  

Under optimal conditions, the natural attenuation of organic COCs at any site is expected to 
approximate a first-order exponential decay for compliance monitoring groundwater data. With 
actual site measurements, apparent concentration trends may often be obscured by data scatter 
arising from non-ideal hydrogeologic conditions, sampling and analysis conditions.  However, 
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even though the scatter may be of such magnitude as to yield a poor goodness of fit (typically 
characterized by a low correlation coefficient, e.g., R2 << 1) for the first-order relationship, 
parametric and nonparametric methods can be utilized to obtain confidence intervals on the 
estimated first-order coefficient, i.e., the slope of the log-transformed data.  

Nonparametric tests such as the Mann-Kendall test for trend are suitable for analyzing data that 
do not follow a normal distribution. Nonparametric methods focus on the location of the 
probability distribution of the sampled population, rather than specific parameters of the 
population. The outcome of the test is not determined by the overall magnitude of the data 
points, but depends on the ranking of individual data points. Assumptions on the distribution of 
the data are not necessary for nonparametric tests. The Mann-Kendall test for trend is a 
nonparametric test which has no distributional assumptions and irregularly spaced 
measurement periods are permitted. The advantage gained by this approach involves the cases 
where outliers in the data would produce biased estimates of the least squares estimated slope. 
Parametric tests such as first-order regression analysis make assumptions on the normality of 
the data distribution, allowing results to be affected by outliers in the data in some cases. 
However, the advantage of parametric methods involve more accurate trend assessments result 
from data where there is a normal distribution of the residuals. Therefore, when the data is 
normally distributed the nonparametric method, the Mann-Kendall test, is not as efficient. Both 
tests are utilized in the MAROS software. 

Primary Line of Evidence 1: Mann-Kendall Analysis 

GENERAL 

The Mann-Kendall test is a non-parametric statistical procedure that is well suited for analyzing 
trends in data over time (Gilbert, 1987). The Mann-Kendall test can be viewed as a 
nonparametric test for zero slope of the first-order regression of time-ordered concentration 
data versus time. The AFCEE MAROS Tool includes this test to assist in the analysis of 
groundwater plume stability. The Mann-Kendall test does not require any assumptions as to the 
statistical distribution of the data (e.g. normal, lognormal, etc.) and can be used with data sets 
which include irregular sampling intervals and missing data. The Mann-Kendall test is 
designed for analyzing a single groundwater constituent, multiple constituents are analyzed 
separately. 

For this evaluation, a decision matrix was used to determine the “Concentration Trend” 
category for each well, as presented on Table 2. 

MANN-KENDALL STATISTIC (S) 

The Mann-Kendall statistic (S) measures the trend in the data.  Positive values indicate an 
increase in constituent concentrations over time, whereas negative values indicate a decrease in 
constituent concentrations over time. The strength of the trend is proportional to the magnitude 
of the Mann-Kendall Statistic (i.e., large magnitudes indicate a strong trend). 

Data for performing the Mann-Kendall Analysis should be in time sequential order. The first 
step is to determine the sign of the difference between consecutive sample results. Sgn(xj - xk) is 
an indicator function that results in the values 1, 0, or –1 according to the sign of xj - xk where j > 
k, the function is calculated as follows 

sgn(xj – xk) = 1 if xj - xk  > 0 
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sgn(xj – xk) = 0 if xj - xk = 0 

sgn(xj – xk) = -1  if xj - xk  < 0 

The Mann-Kendall statistic (S) is defined as the sum of the number of positive differences minus 
the number of negative differences or 

n-1 n 

S = � � sgn(x j - xk ) . 
k =1 j=k +1 

The confidence on the Mann-Kendall statistic can be measured by assessing the S result along 
with the number of samples, n, to find the confidence in the trend by utilizing a Kendall 
probability table found in many statistical textbooks (e.g. Hollander, M. and Wolfe, D.A., 1973). 
The resulting confidence in the trend is applied in the Mann Kendall trend analysis as outlined 
in Table A.1.1. The Mann-Kendall test is limited to 40 sample events. 

AVERAGE 

The arithmetic mean of a sample of n values of a variable is the average of all the sample values 
written as 

� 
n

xi
 
i=1
x = 

n 

STANDARD DEVIATION 

The standard deviation is the square root of the average of the square of the deviations from the 
sample mean written as 

� 
n 

(xi - x )2 

i=1s = . 
n -1 

The standard deviation is a measure of how the value fluctuates about the arithmetic mean of 
the data. 

COEFFICIENT OF VARIATION (COV) 

The Coefficient of Variation (COV) is a statistical measure of how the individual data points 
vary about the mean value. The coefficient of variation, defined as the standard deviation 
divided by the average or 

s
C.O.V . = 

x 
Values less than or near 1.00 indicate that the data form a relatively close group about the mean 
value. Values larger than 1.00 indicate that the data show a greater degree of scatter about the 
mean. 
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AFCEE MONITORING AND REMEDIATION OPTIMIZATION SYSTEM SOFTWARE 

RESULTS AND INTERPRETATION OF RESULTS: MANN-KENDALL ANALYSIS 

The Constituent Trend Analysis results are presented in the Mann-Kendall Analysis Screen 
(accessed from the Plume Analysis Menu). The software uses the input data to calculate the 
Coefficient of Variation (COV) and the Mann-Kendall statistic (S) for each well with at least four 
sampling events (see Figure A.2.1).  A “Concentration Trend” and “Confidence in Trend” are 
reported for each well with at least four sampling events. If there is insufficient data for the well 
trend analysis, N/A (Not Applicable) will be displayed in the “Concentration Trend” column. 

FIGURE A.2.1 MANN-KENDALL ANALYSIS RESULTS 

•	 The Coefficient of Variation (COV) is a statistical measure of how the individual data points 
vary about the mean value. Values less than or near 1.00 indicate that the data form a 
relatively close group about the mean value.  Values larger than 1.00 indicate that the data 
show a greater degree of scatter about the mean. 

•	 The Mann-Kendall statistic (MK (S) measures the trend in the data.  Positive values indicate 
an increase in constituent concentrations over time, whereas negative values indicate a 
decrease in constituent concentrations over time. The strength of the trend is proportional 
to the magnitude of the Mann-Kendall Statistic (i.e., large magnitudes indicate a strong 
trend). 

•	 The “Confidence in Trend” is the statistical confidence that the constituent concentration is 
increasing (S>0) or decreasing (S<0). 

•	 The “Concentration Trend” for each well is determined according to the following rules, 
where COV is the coefficient of variation: 
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AFCEE MONITORING AND REMEDIATION OPTIMIZATION SYSTEM SOFTWARE 

TABLE A.2.1 MAROS MANN-KENDALL ANALYSIS DECISION MATRIX 

Mann-Kendall Confidence Concentration
Statistic in Trend Trend 

S > 0 > 95% Increasing 

S > 0 90 - 95% Probably Increasing 

S > 0 < 90% No Trend 

S £ 0 < 90% and COV ‡ 1 No Trend 

S £ 0 < 90% and COV < 1 Stable 

S < 0 90 - 95% Probably Decreasing 

S < 0 95% Decreasing 

The MAROS Mann-Kendall Analysis Decision Matrix was developed in-house by Groundwater 
Services Inc. The user can choose not to apply one of the two statistical plume analysis decision 
matrices. Choose “Not Used” in the Trend Result weighting screen. If the user would like to use 
another decision matrix to determine stability of the plume, they would need to do this outside 
the software. 

Statistical Plume Analysis 2: Linear Regression Analysis 

GENERAL 

Linear Regression is a parametric statistical procedure that is typically used for analyzing trends 
in data over time. However, with the usual approach of interpreting the log slope of the 
regression line, concentration trends may often be obscured by data scatter arising from non-
ideal hydrogeologic conditions, sampling and analysis conditions, etc. Even though the scatter 
may be of such magnitude as to yield a poor goodness of fit (typically characterized by a low 
correlation coefficient, e.g., R2 << 1) for the first-order relationship, confidence intervals can 
nonetheless be constructed on the estimated first-order coefficient, i.e., the slope of the log-
transformed data. Using this type of analysis, a higher degree of scatter simply corresponds to a 
wider confidence interval about the average log-slope.  Assuming the sign (i.e., positive or 
negative) of the estimated log-slope is correct, a level of confidence that the slope is not zero can 
be easily determined. Thus, despite a poor goodness of fit, the overall trend in the data may still 
be ascertained, where low levels of confidence correspond to “Stable” or “No Trend” conditions 
(depending on the degree of scatter) and higher levels of confidence indicate the stronger 
likelihood of a trend.  The coefficient of variation, defined as the standard deviation divided by 
the average, is used as a secondary measure of scatter to distinguish between “Stable” or “No 
Trend” conditions for negative slopes. The Linear Regression Analysis is designed for analyzing 
a single groundwater constituent, multiple constituents are analyzed separately. The MAROS 
software includes this test to assist in the analysis of groundwater plume stability. 

For this evaluation, a decision matrix was used to determine the “Concentration Trend” 
category for each well, as presented on Table A.2.2. 

LINEAR REGRESSION 

The objective of linear regression analysis is to find the trend in the data through the estimation 
of the log slope as well as placing confidence limits on the log slope of the trend. Regression 
begins with the specification of a model to be fitted. A linear relationship is one expressed by a 
linear equation. The Linear Regression analysis in MAROS is performed on Ln (COC 
Concentration) versus Time. The regression model assumes that for a fixed value of x (sample 
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AFCEE MONITORING AND REMEDIATION OPTIMIZATION SYSTEM SOFTWARE 

date) the expected value of y (log COC concentration) is some function. For a particular value, xi 
or sample date the predicted value for y (log COC concentration) is given by 

ŷi = a + bxi . 

The fit of the predicted values to the observed values (xi, yi) are summarized by the difference 
between the observed value yi and the predicted value ŷi  (the residual value.) A reasonable fit 
to the line is found by making the residual values as small as possible. The method of least 
squares is used to obtain estimates of the model parameters (a, b) that minimize the sum of the 
squared residuals, S2 or the measure of the distance between the estimate and the values we 
want to predict (the y’s). 

2 2S = � 
n 

(yi - ŷi ) 
i=1 

The values for the intercept (a) and the slope (b) of the line that minimize the sum of the squared 
residuals (S2), are given by 

� 
n 

(x - x )(y - y )i i
 
i =1
b = and a = y - bx 

2� 
n 

(xi - x )
 
i =1
 

where x  and y  are the mean x and y (log COC concentration) values in the dataset. 

In order to test the confidence on the regression trend, there is a need to place confidence limits 
on the slope of the regression line. In this stage of the trend analysis, it is assumed that for each 
x value, the y-distribution is normal. A t-test may be used to test that the true slope is different 
from zero. This t-test is preferentially used on data that is not serially correlated or seasonally 
cyclic or skewed. 

2 2The variance of yi (s ) is estimated by the quantity S y.x where this quantity is defined as 

� 
n 

(y i - ŷ )2 
i
 

2 i -1
Sy x = 
n - 2 

where n is the number of samples. 

The estimation of the standard deviation or standard error of the slope (s.e.b.) is defined as 

( )� 
-

-

= 
n 

i 
ii 

xy 

xx 

S 
bes 

1 

2 

2 

... . 

To test significance of the slope calculated, the following t-test result can be used to find the 
confidence interval for the slope. 
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b
t = 

s.e.b. 

The t result along with the degrees of freedom (n-2) are used to find the confidence in the trend 
by utilizing a t-distribution table found in most statistical textbooks (e.g. Fisher, L.D. and van 
Belle, G., 1993). The resulting confidence in the trend is utilized in the linear regression trend 
analysis as outlined in Table A.2.2. 

RESULTS AND INTERPRETATION OF RESULTS: LINEAR REGRESSION ANALYSIS 

The Constituent Trend Analysis Results are presented in the Linear Regression Analysis Screen 
(accessed from the Mann-Kendall Analysis screen). The software uses the input data to calculate 
the Coefficient of Variation (COV) and the first-order coefficient (Ln Slope) for each well with at 
least four sampling events. A “Concentration Trend” and “Confidence in Trend” are reported 
for each well with at least four sampling events. If there is insufficient data for the well trend 
analysis, N/A (Not Applicable) will be displayed in the “Concentration Trend” column (Figure 
A.2.2) 

FIGURE A.2.2 LINEAR REGRESSION ANALYSIS RESULTS 

•	 The Coefficient of Variation (COV) is a statistical measure of how the individual data points 
vary about the mean value. Values less than or near 1.00 indicate that the data form a 
relatively close group about the mean value. Values larger than 1.00 indicate that the data 
show a greater degree of scatter about the mean. 

•	 The Log Slope (Ln Slope) measures the trend in the data. Positive values indicate an 
increase in constituent concentrations over time, whereas negative values indicate a 
decrease in constituent concentrations over time. 

•	 The “Confidence in Trend” is the statistical confidence that the constituent concentration is 
increasing (ln slope>0) or decreasing (ln slope<0). 
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•	 The “Concentration Trend” for each well is determined according to the following rules, 
where COV is the coefficient of variation: 

TABLE A.2.2 MAROS LINEAR REGRESSION ANALYSIS DECISION MATRIX 

Confidence in 
Trend Positiv 

e

Ln Slope 

Negative 

<90% No Trend 
COV < 1 Stable 
COV > 1 No Trend 

90% – 95% Probably Increasing Probably Decreasing 
> 95% Increasing Decreasing 

COV = Coefficient of Variation 

The MAROS Linear Regression Analysis Decision Matrix was developed in-house by 
Groundwater Services Inc. The user can choose not to apply one of the two statistical plume 
analysis decision matrices. Choose “Not Used” in the Trend Results weighting screen. If the user 
would like to use another decision matrix to determine stability of the plume, they would need 
to do this outside the software. 

Further Considerations 

The results of a constituent concentration trend analysis form just one component of a plume 
stability analysis. Additional considerations in determining the over-all plume stability include: 

•	 Multiple constituent concentration trend analyses 
•	 Adequate delineation of the plume 
•	 Proximity of monitoring wells with stable or decreasing constituent trends to the 

downgradient edge of the plume 
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Chapter16. Two-SampleTests Unified Guidance 

CHAPTER16. TWO-SAMPLETESTS


16.1 PARAMETRIC T-TESTS................................................................................................................................. 16-1
 
16.1.1 Pooled Variance T-Test ...................................................................................................................... 16-4 
16.1.2 Welch’s T-Test .................................................................................................................................... 16-7 
16.1.3 Welch’s T-Test and Lognormal Data................................................................................................ 16-10 

16.2 WILCOXON RANK-SUM TEST .................................................................................................................... 16-14
 
16.3 TARONE-WARE TWO-SAMPLE TEST FOR CENSORED DATA ...................................................................... 16-20
 

This chapter describes statistical tests between two groups of data, known as two-sample tests. 
These tests may be appropriate for the smallest of RCRA sites performing upgradient-to-downgradient 
comparisons on a very limited number of wells and constituents. They may also be required for certain 
facilities in interim status, and can be more generally used to compare older versus newer data when 
updating background. 

Two versions of the classic Student’s t-test are first discussed: the pooled variance t-test and 
Welch’s t-test. Since both these tests expect approximately normally-distributed data as input, two non-
parametric alternatives to the t-test are also described: the Wilcoxon rank-sum test (also known as the 
Mann-Whitney) and the Tarone-Ware test. The latter is particularly helpful when the sample data exhibit 
a moderate to larger fraction of non-detects and/or multiple detection/reporting limits. 

16.1 PARAMETRIC T-TESTS 

BACKGROUND AND PURPOSE 

A statistical comparison between two sets of data is known as a two-sample test. While several 
varieties of two-sample tests exist, the most common is the parametric t-test. This test compares two 
distinct statistical populations. The goal of the two-sample t-test is to determine whether there is any 
statistically significant difference between the mean of the first population when compared against the 
mean of the second population, based on the results observed in the two respective samples. 

In groundwater monitoring, the typical hypothesis at issue is whether the average concentration at a 
compliance point is the same as (or less than) the average concentration in background, or whether the 
compliance point mean is larger than the background mean, as represented in equation [16.1] below: 

H : µ σ µ vs. H : µ > µ [16.1] 0 C BG A C BG 

A natural statistic for comparing two population means is the difference between the sample 
means, (x − x ). When this difference is small, a real difference between the respective population C BG 

means is considered unlikely. However, when the sample mean difference is large, the null hypothesis is 
rejected, since in that case a real difference between the populations seems plausible. Note that an 
observed difference between the sample means does not automatically imply a true population 
difference. Sample means can vary for many reasons even if the two underlying parent populations are 
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Chapter16. Two-SampleTests Unified Guidance 

identical. Indeed, the Student’s t-test was invented precisely to determine when an observed sample 
difference should be considered significant (i.e., more than a chance fluctuation), especially when the 
sizes of the two samples tend to be small, as is the usual case in groundwater monitoring. 

Although the null hypothesis (H0) represented in equation [16.1] allows for a true compliance point 
mean to be less than background, the behavior of the t-test statistic is assessed at the point where H0 is 
most difficult to verify — that is, when H0 is true and the two population means are identical. Under the 
assumption of equal population means, the test statistic in any t-test will tend to follow a Student’s t-
distribution. This fact allows the selection of critical points for the t-test based on a pre-specified Type I 
error or false positive rate (Λ). Unlike the similarly symmetric normal distribution, however, the 
Student’s t-distribution also depends on the number of independent sample values used in the test, 
represented by the degrees of freedom [df]. 

The number of degrees of freedom impacts the shape of the t-distribution, and consequently the 
magnitude of the critical (percentage) points selected from the t-distribution to provide a basis of 
comparison against the t-statistic (see Figure 16-1). In general, the larger the sample sizes of the two 
groups being compared, the larger the corresponding degrees of freedom, and the smaller the critical 
points (in absolute value) drawn from the Student’s t-distribution. In a one-sided hypothesis test of 
whether compliance point concentrations exceed background concentrations, a smaller critical point 
corresponds to a more powerful test. Therefore, all other things being equal, the larger the sample sizes 
used in the two-sample t-test, the more protective the test will be of human health and the environment. 

dree omfgreeiarynorb itu oitsr‘d tu ene 16-1. St st-Di n f  V g De s o FigurF
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rc

In groundwater monitoring, t-tests can be useful in at least two ways. First, a t-test can be 
employed to compare background data from one or more upgradient wells against a single compliance 
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Chapter16. Two-SampleTests Unified Guidance 

well. If more than one background well is involved, all the upgradient data would be pooled into a single 
group or sample before applying the test. 

Second, a t-test can be used to assess whether updating of background data is appropriate (see 
Chapter 5 for further discussion). Specifically, the two-sample t-test can be utilized to check whether 
the more recently collected data is consistent with the earlier data assigned initially as the background 
data pool. If the t-test is non-significant, both the initial background and more recent observations may 
be considered part of the same statistical population, allowing the overall background data set to grow 
and to provide more accurate information about the characteristics of the background population. 

The Unified Guidance describes two versions of the parametric t-test, the pooled variance 
Student’s t-test and a modification to the Student’s t-test known as Welch’s t-test. This guidance prefers 
the latter t-test to use of Cochran’s Approximation to the Behrens-Fisher (CABF) Student’s t-test. 
Initially codified in the 1982 RCRA regulations, the CABF t-test is no longer explicitly cited in the 1988 
revision to those regulations. Both the pooled variance and Welch’s t-tests are more standard in 
statistical usage than the CABF t-test. When the parametric assumptions of the two-sample t-test are 
violated, the Wilcoxon rank-sum or the Tarone-Ware tests are recommended as non-parametric 
alternatives. 

REQUIREMENTS AND ASSUMPTIONS 

The two-sample t-test has been widely used and carefully studied as a statistical procedure. Correct 
application of the Student’s t-test depends on certain key assumptions. First, every t-test assumes that the 
observations in each data set or group are statistically independent. This assumption can be difficult to 
check in practice (see Chapter 14 for further discussion of statistical independence), especially if only a 
handful of measurements are available for testing. As noted in Chapter 5 in discussing data mixtures, 
lab replicates or field duplicates are not statistically independent and should not be treated as 
independent water quality samples. That section discussed the limited conditions under which certain 
replicate data might be applicable for t- testing. Incorrect usage of replicate data was one of the concerns 
that arose in the application of the CABF t-test. 

Second, all t-tests assume that the underlying data are approximately normal in distribution. 
Checks of this assumption can be made using one of the tests of normality described in Chapter 10. The 
t-test is a reasonably robust statistical procedure, meaning that it will usually provide accurate results 
even if the assumption of normality is partially violated. This robustness of the t-test provides some 
insurance against incorrect test results if the underlying populations are non-normal. However, the robust 
assumption is dubious when the parent population is heavily skewed. For data that are lognormal and 
positively skewed, the two-sample t-test can give misleading results unless the data are first log-
transformed. Similarly, a transformation may be needed to first normalize data from other non-normal 
distributions. 

Another assumption particularly relevant to the use of t-tests in groundwater monitoring is that the 
population means need to be stable or stationary over the time of data collection and testing. As 
discussed in Part II of the guidance, many commonly monitored groundwater parameters exhibit mean 
changes in both space and time. Consequently, correct application of the t-test in groundwater requires 
an implicit assumption that the two populations being sampled (e.g., a background well and a 
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compliance point well) have average concentrations that are not trending with time. Time series plots 
and diagnostic trend tests (Chapter 14) can sometimes be used to check this assumption. 

The t-test does an excellent job of identifying a stable mean level difference between two 
populations. However, if one or both populations have trends observable in the sample measurements, 
the t-test may have difficulty correctly identifying a difference between the two groups. For instance, if 
earlier samples in a compliance well were uncontaminated but later samples are increasing with time, the 
t-test may still provide a non-significant result. With compliance point concentrations increasing relative 
to background, the t-test may not be the appropriate method for identifying this change. Some form of 
trend testing will provide a better evaluation. 

Another concern in applying the t-test to upgradient-downgradient interwell comparisons is that the 
null hypothesis is assumed to be true unless the downgradient well becomes contaminated. Absent such 
an impact, the population means are implicitly assumed to be identical. Spatial variability in 
background and compliance well groundwater concentrations for certain monitoring constituents do not 
allow clear conditions for comparisons intended to identify a release at a downgradient compliance well. 
Natural or pre-existing synthetic mean differences among background wells will be confused with a 
potential release. In such cases, neither the two-sample t-test nor any interwell procedure comparing 
upgradient against downgradient measurements is likely to give a correct conclusion. 

One final requirement for running any t-test is that each group should have an adequate sample 
size. The t-test will have minimal statistical power to identify any but the largest of concentration 
differences if the sample size in each group is less than four. Four measurements per group should be 
considered a minimum requirement, and much greater power will accrue from larger sample sizes. Of 
course, the attractiveness of larger data sets must be weighed against the need to have statistically 
independent samples and the practical limitation of semi-annual or annual statistical evaluations. These 
latter requirements often constrain the frequency of sampling so that it may be impractical to secure 
more than 4 to 6 or possibly 8 samples during any annual period. 

16.1.1 POOLED VARIANCE T-TEST 

BACKGROUND AND PURPOSE 

In the case of two independent samples from normal populations with common variance, the 
Student’s t-test statistic is expressed by the following equation: 

2 2»(n − 1)s + (n − 1)s ÿ≈ 1 1 ’ BG BG C Ct = (xC − xBG ) … ŸΔ + ÷ [16.2] 
… (nBG + nC − 2) ⁄Ÿ« nBG nC ◊

The first bracketed quantity in the denominator is known as the pooled variance, a weighted average of 
the two sample variances. The entire denominator of equation [16.2] is labeled the standard error of the 
difference (SEdiff). It represents the probable chance fluctuation likely to be observed between the 
background and compliance point sample means when the null hypothesis in equation [16.1] is true. 
Note that the formula for SEdiff depends on both the pooled variance and the sample size of each group. 
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Chapter16. Two-SampleTests	� Unified Guidance 

When the null hypothesis (H0) is satisfied and the two populations are truly identical, the test 
statistic in equation [16.2] behaves according to an exact Student’s t-distribution. This fact enables 
critical points for the t-test to be selected based on a pre-specified Type I error rate (�) and an 
appropriate degrees of freedom. In equation [16.2], the joint degrees of freedom is equal to 

(n + n − 2), the sum of the background and compliance point sample sizes less two degrees of BG C 

freedom (one for each mean estimate). 

REQUIREMENTS AND ASSUMPTIONS 

Along with the general requirements for t-tests, the pooled variance version of the test assumes that 
the population variances are equal in both groups. Since only the sample variances will be known, this 
assumption requires a formal statistical test of its own such as Levene’s test described in Chapter 11. 
An easier, descriptive method is to construct side-by-side box plots of both data sets. If the population 
variances are equal, the interquartile ranges represented by the box lengths should also be comparable. If 
the population variances are distinctly different, on the other hand, the box lengths should also tend to be 
different, with one box much shorter than the other. 

When variances are unequal, the Unified Guidance recommends Welch’s t-test be run instead. 
Welch’s t-test does not require the assumption of equal variances across population groups. Furthermore, 
the performance of Welch’s t-test is almost always equal or superior to that of the usual Student’s t-test. 
Therefore, one may be able to skip the test of equal variances altogether before running Welch’s t-test. 

All t-tests require approximately normally-distributed data. If a common variance (�2) exists 
between the background and compliance point data sets, normality in the pooled variance t-test can be 
assessed by examining the combined set of background and compliance point residuals. A residual can 
be defined as the difference between any individual value and its sample group mean (e.g., xi − xBG for 
background values xi). Not only will the combined set of residuals allow for a more powerful test of 
normality than if the two samples are checked separately, but it also avoids a difficulty that can occur if 
the sample measurements are naively evaluated with the Shapiro-Wilk multiple group test. The multiple 
group normality test allows for populations with different means and different variances. If an equal 
variance check has not already been made, the multiple group test could register both populations as 
being normal even though the two population variances are distinctly different. The latter would violate 
a key assumption of the pooled variance t-test. To avoid this potential problem, either always check 
explicitly for equal variances before running the pooled variance t-test, or consider running Welch’s t-
test instead. 

PROCEDURE 

Step 1.	 To conduct the two-sample Student’s t-test at an �-level of significance, first compute the 
sample mean ( x ) and standard deviation (s) of each group. Check for equal variances using a 
test from Chapter 11. If there is no evidence of heteroscedasticity, check normality in both 
samples, perhaps by calculating the residuals from each group and running a normality test on 
the combined data set. 
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Step 2.	 Once the key assumptions have been checked, calculate the two-sample t-statistic in equation 
[16.2], making use of the sample mean, sample standard deviation, and sample size of each 
group. 

Step 3.	 Set the degrees of freedom to df = nBG + nC − 2 , and look up the (1–Λ) × 100th percentage 
point from the t-distribution in Table 16-1 in Appendix D. Compare this Λ-level critical point 
against the t-statistic. If the t-statistic does not exceed the critical point, conclude there is 
insufficient evidence of a significant difference between the two population means. If, 
however, the t-statistic is greater than the critical point, conclude that the compliance point 
population mean is significantly greater than the background mean. 

�EXAMPLE 16-1 

Consider the quarterly sulfate data in the table below collected from one upgradient and one 
downgradient well during 1995-96. Use the Student’s t-test to determine if the downgradient sulfate 
measurements are significantly higher than the background values at an � = 0.01 significance level. 

Quarter 

1/95

4/95

7/95

10/95

1/96

4/96

7/96

10/96


Mean

SD


SulfateConcentrations(ppm) 

Background Downgradient 

Background Downgradient Residuals Residuals 

560 23.75 

530 œ6.25 

570 600 33.75 œ8.33 

490 590 œ46.25 œ18.33 

510 590 œ26.25 œ18.33 

550 630 13.75 21.67 

550 610 13.75 1.67 

530 630 œ6.25 21.67 

536.25 608.33 

26.6927 18.3485 

SOLUTION 

Step 1.	 Compute the sample mean and standard deviation in each well, as listed in the table above. 
Then compute the sulfate residuals by subtracting the well mean from each individual value. 
These differences are also listed above. Comparison of the sample variances shows no 
evidence that the population variances are unequal. Further, a probability plot of the combined 
set of residuals (Figure 16-2) indicates that the normal distribution appears to provide a 
reasonable fit to these data. 
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Fiue 16-2. Prb blt o o C mbn d Suft eiu lg r o a iiy Plt f o ie lae R sd as 

-2 

-1 

0 

1 

2 

-50 -25 0 25 50 

Sulfate residuals (ppm) 

Step 2.	 Compute the two-sample t-statistic on the raw sulfate measurements using equation [16.2]. 
Note that the background sample size is nBG = 8 and the downgradient sample size is nC = 6. 

» 2 2 ÿ7 26.6927 + 5 18.3485
… ( ) ( ) Ÿ≈ 1 1’ 

t = (608.33 − 536.25 +)	 = 5.66 Δ ÷ …	 8 + 6 − 2 Ÿ« 8 6◊
⁄ 

Step 3.	 Compute the degrees of freedom as df = 8 + 6 – 2 = 12. Since Λ = .01, the critical point for the 
test is the upper 99th percentile of the t-distribution with 12 df. Table 16-1 in Appendix D 
then gives the value for tcp = 2.681. Since the t-statistic is clearly larger than the critical point, 
conclude the downgradient sulfate population mean is significantly larger than the background 
population mean at the 0.01 level. � 

16.1.2 WE C ‘ ST L HS T-TE

BACKGROUND AND PURPOSE 

The pooled variance Student’s t-test in Section 16.1.1 makes the explicit assumption that both 
populations have a common variance, λ2. For many wells and monitoring constituents, local 
geochemical conditions can result in both different well means and variances. A contamination pattern 
at a compliance well can have very different variability than its background counterpart. 

Welch’s t-test was designed as a modification to the Student’s t-test when the population variances 
might differ between the two groups. The Welch’s t-test statistic is defined by the following equation: 
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t = xC − xBG ( ) sBG 
2 

nBG 

+ 
sC 

2 

nC 

[16.3]
 

The denominator of equation [16.3] is also called the standard error of the difference (SEdiff), similar to 
the pooled variance t-test. But it is a different weighted estimate based on the respective sample 
variances and sample sizes, reflecting the fact that the two population variances may not be the same. 

The most difficult part of Welch’s t-test is deriving the correct degrees of freedom. Under the 
assumption of a common variance, the pooled variance estimate incorporated into the usual Student’s t-
test has df = (n + n − 2) degrees of freedom, representing the number of independent “bits” of BG C 

sample information included in the variance estimate. In Welch’s t-test, the derivation of the degrees of 
freedom is more complicated, but can be approximately computed with the following equation: 

2 22 2 2 2» s s ÿ
2 »(sBG nBG ) (sC nC ) ÿˆ BG Cdf = … + Ÿ … + Ÿ [16.4] 

BG C ⁄ … nBG −1 nC −1 Ÿ⁄n n 

Despite its lengthier calculations, Welch’s t-test has several practical advantages. Best and Rayner 
(1987) found that among statistical tests specifically designed to compare two populations with different 
variances, Welch’s t-test exhibited comparable statistical power (for df � 5) and was much easier to 
implement in practice than other tests they examined. Moser and Stevens (1992) compared Welch’s t-
test against the usual pooled variance t-test and determined that Welch’s procedure was the more 
appropriate in almost every case. The only advantage registered by the usual Student’s t-test in their 
study was in the case where the sample sizes in the two groups were unequal and the population 
variances were known to be essentially the same. In practice, the population variances will almost never 
be known in advance, so it appears reasonable to use Welch’s t-test in the majority of cases where a two-
sample t-test is warranted. 

REQUIREMENTS AND ASSUMPTIONS 

Welch's t-test is also a reasonably robust statistical procedure, and will usually provide accurate 
results even if the assumption of normality is partially violated. This robustness of the t-test provides 
some insurance against incorrect test results if the underlying populations are non-normal. But heavily 
skewed distributions do require normalizing transformations. Certain limitations apply when using 
transformed data, discussed in the following section. 

Unlike the pooled variance t-test, Welch’s procedure does not require that the population variances 
be equal in both groups. Other general requirements of t-tests, however, such as statistical independence 
of the sample data, lack of spatial variability when conducting an interwell test, and stationarity over 
time, are applicable to Welch’s t-test and needs to be checked prior to running the procedure. 

Because the variances of the tested populations may not be equal, an assessment of normality 
cannot be made under Welch’s t-test by combining the residuals (as with the pooled variance t-test), 
unless an explicit check for equal variances is first conducted. The reason is that the combined residuals 
from normal populations with different variances may not test as normal, precisely because of the 
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heteroscedasticity. Since this latter variance check is not required for Welch’s test, it may be easier to 
input the sample data directly into the multiple group test of normality described in Chapter 10. 

PROCEDURE 

Step 1.	 To run the two-sample Welch’s t-test, first compute the sample mean (x ), standard deviation 

(s), and variance (s2) in each of the background (BG) and compliance point (C) data sets. 

Step 2. Compute Welch’s t-statistic with equation [16.3]. 

Step 3.	 Compute the approximate degrees of freedom in equation [16.4] using the sample variance 
and sample size from each group. Since this quantity often results in a fractional amount, 
round the approximate df̂  to the nearest integer. 

Step 4.	 Depending on the Λ significance level of the test, look up an appropriate critical point (tcp) in 
Table 16-1 in Appendix D. This entails finding the upper (1− Λ)× 100th percentage point of 

the Student’s t-distribution with df degrees of freedom. 

Step 5.	 Compare the t-statistic against the critical point. If t � tcp, conclude there is no statistically 
significant difference between the background and compliance point population means. If, 
however, t > tcp, conclude that the compliance point population mean is significantly greater 
than the background mean at the Λ level of significance. 

�EXAMPLE 16-2 

Consider the following series of monthly benzene measurements (in ppb) collected over 8 months 
from one upgradient and one downgradient well. What significant difference, if any, does Welch’s t-test 
find between these populations at the Λ = .05 significance level? 

Month 

Benzene(ppb) 

BG DG 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

0.5 0.5 

0.8 0.7 

1.6 4.6 

1.8 2.0 

1.1 16.7 

16.1 12.5 

1.6 26.3 

0.6 186.0 

N 

Mean 

SD 

Variance 

8 8 

3.0 31.2 

5.31 63.22 

28.204 3997.131 
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Step 1.	 Compute the sample mean, standard deviation, and variance of each group as in the table 
above. 

Step 2.	 Use equation [16.3] to compute Welch’s t-statistic: 

t = 31.2 − 3.0 ( ) 28.204 
8 

+ 3997.131 
8 

= 1.257 

Step 3. Compute the approximate degrees of freedom using equation [16.4]: 

( ) ( ) 
71.7

7 
8131 .3997

7 
8204 .28

8 
131 .3997

8 
204 .28ˆ 

222 

≤=Ÿ 
⁄ 

ÿ 
… 
» 

+Ÿ⁄ 

ÿ 
… 
» +=fd

Step 4.	 Using Table 16-1 in Appendix D and given Λ = .05, the upper 95% critical point of the 
Student’s t-distribution with 7 df is equal to 1.895. 

Step 5.	 Compare the t-statistic against the critical point, tcp. Since t < tcp, the test on the raw 
concentrations provides insufficient evidence of a true difference in the population means. 
However, given the order of magnitude difference in the sample means and the fact that 
several of the downgradient measurements are substantially larger than almost all the 
background values, we might suspect that one or more of the t-test assumptions was violated, 
possibly invalidating the result. � 

16.1.3 WE C ‘ ST A OGNOR L DAL HS T-TE ND L MA TA 

Users should recall that if the underlying populations are lognormal instead of normal and Welch’s 
t-test is run on the logged data, the procedure is not a comparison of arithmetic means but rather between 
the population geometric means. In the case of a lognormal distribution, the geometric means are 
equivalent to the population medians. In effect, a test of the log-means is equivalent to a test of the 
medians in terms of the raw concentrations. Both the population geometric mean and the lognormal 
median can be estimated from the logged measurements as exp(y), where y = log x represents a logged 
value and y is the log-mean. On the other hand, the (arithmetic) lognormal mean on the concentration 

2 
y 2scale would be estimated as exp (y + s ), a quantity larger than the geometric mean or median due to 

the presence of the term involving s2 
y , the log-variance. 

Although a t-test conducted in the logarithmic domain is not a direct comparison of the arithmetic 
means, there are situations where that comparison can be inferred from the test results. For instance, 
consider using the pooled variance two-sample Student’s t-test on logged data with a common (i.e., 
equal) population log-variance (λ 2 

y ) in each group. In that case, finding a larger geometric mean or 

median in a compliance well population when compared to background also implies that the compliance 
point arithmetic mean is larger than the background arithmetic mean. However, when using Welch’s t-
test, the assumption of equal variances is not required. Because of this, on rare occasions one might find 
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a larger compliance point geometric mean or median when testing the log-transformed data, even though 
the compliance point population arithmetic mean is smaller than the background arithmetic mean. 

Fortunately, such a reversal can only occur in the unlikely situation that the background population 
log-variance is distinctly larger than the compliance point log-variance. Factors contributing to an 
increase in the log-mean concentration level in lognormal populations often serve, if anything, to also 
increase the log-variance, and almost never to decrease it. Consequently, t-test results indicating a 
compliance point geometric mean higher than background should very rarely imply a less-than
background compliance point log-variance. This in turn will generally ensure that the compliance point 
arithmetic mean is also larger than the background arithmetic mean, so that a test of the log-transformed 
measurements can be used to infer whether a difference exists in the population concentration means. 

One caution in this discussion is for cases where the Welch’s t-test is not significant on the log-
transformed measurements. Because the log-variances (λ 2 

y ) are not required to be equal in the two 

populations when running Welch’s t-test, yet the arithmetic lognormal mean depends on both the 
2population log-mean ( µ ) and the log-variance through the quantity exp (µ + λ 2), it should not be y y y 

inferred that a non-significant comparison on the log-scale between a compliance point and background 
is equivalent to finding no difference between the lognormal arithmetic means. If the log-variances differ 
but the log-means do not, the lognormal arithmetic means will still be different even though the 
lognormal medians might be identical. 

Therefore, if a comparison of arithmetic means is required, but the statistical populations are 
lognormal, care must be taken in interpreting the results of Welch’s t-test. Two possible remedies would 
include: 1) only running a t-test on lognormal data if the log-variances can be shown to be approximately 
equivalent (this would allow use of the pooled variance t-test); and 2) using a non-parametric two-
sample bootstrap procedure on the original (non-logged) measurements to compare the arithmetic means 
directly. Consultation with a professional statistician may be required in this second case. 

�EXAMPLE 16-3 

The benzene data from Example 16-2 indicated no significant upgradient-to-downgradient 
difference in population means when tested on the raw measurement scale. Check to see whether the 
same data more closely approximate a lognormal distribution and conduct Welch’s t-test under that 
assumption. 
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Month 

Benzene(ppb) 

BG DG 

Log(Benzene)log(ppb) 

BG DG 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

0.5 0.5 

0.8 0.7 

1.6 4.6 

1.8 2.0 

1.1 16.7 

16.1 12.5 

1.6 26.3 

0.6 186.0 

œ0.693 œ0.693 

œ0.223 œ0.357 

0.470 1.526 

0.588 0.693 

0.095 2.815 

2.779 2.526 

0.470 3.270 

œ0.511 5.226 

N 

Mean 

SD 

Variance 

8 8 

3.0 31.2 

5.31 63.22 

28.204 3997.131 

8 8 

0.372 1.876 

1.0825 1.9847 

1.1719 3.9392 

SOLUTION 

Step 1. First check normality of the original measurements. To do this, compute the Shapiro-Wilk 
statistic (SW) separately for each well. SW = 0.505 for the background data, and SW = 0.544 
for the downgradient well. Combining these two values using the equations in Section 10.7, 
the multiple group Shapiro-Wilk statistic becomes G = –6.675, which is significantly less than 
the 5% critical point of –1.645 from the standard normal distribution.1 Thus, the assumption of 
normality was violated in Example 16-2. 

Step 2. Compute the log-mean, log-standard deviation, and log-variance of each group, as listed 
above. Then compute the multiple group Shapiro-Wilk test to check for (joint) normality on 
the log-scale. The respective SW statistics now increase to 0.818 for the background data and 
0.964 for the downgradient well. Combining these into an overall test, the multiple group 
Shapiro-Wilk statistic becomes –0.721 which now exceeds the Λ = 0.05 standard normal 
critical point. A log transformation adequately normalizes the benzene data — suggesting that 
the underlying populations are lognormal in distribution — so that Welch’s t-test can be run 
on the logged data. 

Step 2. Using the logged measurements and equation [16.3], the t-statistic becomes: 

t = (1.876 − 0.372 ) 1.1719 
8 

+ 3.9392 
8 

= 1.88 

1 Note that Λ = 5% is used in this example because the total sample size (BG and DG) is n = 16. Nevertheless, the test would 
also fail at Λ = 1% or just about any significance level one might choose. 
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Step 3.	 Again using the log-variances and equation [16.4], the approximate df works out to: 

2 » »1.1719 8ÿ⁄ 
2 

»3.9392 8ÿ⁄ 
2 ÿ»1.1719 3.9392 ÿ … Ÿdf = + + 
Ÿ 

= 10.8 ≤ 11 …	 Ÿ8	 8 … 7 7⁄ ⁄ 

Note that the approximate df in Welch’s t-test is somewhat less than the value that would be 
computed for the two-sample pooled variance Student’s t-test. In that case, with 8 samples per 
data set, the df would have been 14 instead of 11. The reduction in degrees of freedom is due 
primarily to the apparent difference in variance between the two groups. 

Step 4.	 Using Table 16-1 in Appendix D and given Λ = .05, the upper 95% critical point of the 
Student’s t-distribution with 11 df is equal to 1.796. 

Step 5.	 Comparing t against tcp, we find that 1.88 exceeds 1.796, suggesting a statistically significant 
difference between the background and downgradient population log-means, at least at the 5% 
level of significance. This means that the downgradient geometric mean concentration — and 
equivalently for lognormal populations, the median concentration — is statistically greater 
than the same statistical measure in background. Further, since the downgradient sample log-
variance is over three times the magnitude of the background log-variance, it is also probable 
that the downgradient arithmetic mean is larger than the background arithmetic mean. 

Fiue 16-3. B ne e Ti re og r e zn me Seis Plt 
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A note of caution in this example is that the same test run at the Λ = 0.01 level would yield a 
non-significant result, since the upper 99% Student’s t critical point in that case would be 
2.718. The fact that the conclusion differs based on a small change to the significance level 
ought to prompt review of other t-test assumptions. A check of the downgradient sample 
measurements indicates an upward (non-stationary) trend over the sample collection period 
(Figure 16-3). This reinforces the fact that the t-test can be ill-suited for measuring differences 
between populations when trends over time cause instability in the underlying population 
means. It might be necessary to either perform a formal test of trend at the downgradient well 
or to limit the compliance data included in the evaluation only to those most representative of 
current conditions at the downgradient well (e.g., the last four measurements). � 

16.2 WILCOXON RANK-SUM TEST 

BACKGROUND AND PURPOSE 

When the underlying distribution of a data set is unknown and cannot be readily identified as 
normal or normalized via a transformation, a non-parametric alternative to the two-sample t-test is 
recommended. Probably the best and most practical substitute is the Wilcoxon rank-sum test (Lehmann, 
1975; also known as the two-sample Mann-Whitney U test), which can be used to compare a single 
compliance well or data group against background. Like many non-parametric methods, the Wilcoxon 
rank-sum test is based on the ranks of the sample measurements rather than the actual concentrations. 
Some statistical information contained in the original data is lost when switching to the Wilcoxon test, 
since it only uses the relative magnitudes of data values. 

The benefit is that the ranks can be used to conduct a statistical test even when the underlying 
population has an unusual form and is non-normal. The parametric t-test depends on the population 
being at least approximately normal; when this is not the case, the critical points of the t-test can be 
highly inaccurate. The Wilcoxon rank-sum test is also a statistically efficient procedure. That is, when 
compared to the t-test using normally-distributed data especially for larger sample sizes, it performs 
nearly as well as the t-test. Because of this fact, some authors (e.g., Helsel and Hirsch, 2002) have 
recommended routine use of the Wilcoxon rank-sum even when the parametric t-test might be 
appropriate. 

Although a reasonable strategy for larger data sets, one should be careful about automatically 
preferring the Wilcoxon over the t-test on samples as small as those often available in groundwater 
monitoring. For instance, a Wilcoxon rank-sum test of four samples in each of a background and 
compliance well and an Λ = 0.01 level of significance can never identify a significant difference between 
the two populations. This is true no matter what the sample concentrations are, even if all four 
compliance measurements are larger than any of the background measurements. This Wilcoxon test will 
require at least five samples in at least one of the groups, or a higher level of significance (say Λ = 0.05 
or 0.10) is needed. 

The Wilcoxon test statistic (W) consists of the sum of the ranks of the compliance well 
measurements. The rationale of the test is that if the ranks of the compliance data are quite large relative 
to the background ranks, then the hypothesis that the compliance and background values came from the 
same population ought to be rejected. Large values of the W statistic give evidence of possible 
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A note of caution in this example is that the same test run at the Λ = 0.01 level would yield a 
non-significant result, since the upper 99% Student’s t critical point in that case would be 
2.718. The fact that the conclusion differs based on a small change to the significance level 
ought to prompt review of other t-test assumptions. A check of the downgradient sample 
measurements indicates an upward (non-stationary) trend over the sample collection period 
(Figure 16-3). This reinforces the fact that the t-test can be ill-suited for measuring differences 
between populations when trends over time cause instability in the underlying population 
means. It might be necessary to either perform a formal test of trend at the downgradient well 
or to limit the compliance data included in the evaluation only to those most representative of 
current conditions at the downgradient well (e.g., the last four measurements). � 

16.2 WILCOXON RANK-SUM TEST 

BACKGROUND AND PURPOSE 

When the underlying distribution of a data set is unknown and cannot be readily identified as 
normal or normalized via a transformation, a non-parametric alternative to the two-sample t-test is 
recommended. Probably the best and most practical substitute is the Wilcoxon rank-sum test (Lehmann, 
1975; also known as the two-sample Mann-Whitney U test), which can be used to compare a single 
compliance well or data group against background. Like many non-parametric methods, the Wilcoxon 
rank-sum test is based on the ranks of the sample measurements rather than the actual concentrations. 
Some statistical information contained in the original data is lost when switching to the Wilcoxon test, 
since it only uses the relative magnitudes of data values. 

The benefit is that the ranks can be used to conduct a statistical test even when the underlying 
population has an unusual form and is non-normal. The parametric t-test depends on the population 
being at least approximately normal; when this is not the case, the critical points of the t-test can be 
highly inaccurate. The Wilcoxon rank-sum test is also a statistically efficient procedure. That is, when 
compared to the t-test using normally-distributed data especially for larger sample sizes, it performs 
nearly as well as the t-test. Because of this fact, some authors (e.g., Helsel and Hirsch, 2002) have 
recommended routine use of the Wilcoxon rank-sum even when the parametric t-test might be 
appropriate. 

Although a reasonable strategy for larger data sets, one should be careful about automatically 
preferring the Wilcoxon over the t-test on samples as small as those often available in groundwater 
monitoring. For instance, a Wilcoxon rank-sum test of four samples in each of a background and 
compliance well and an Λ = 0.01 level of significance can never identify a significant difference between 
the two populations. This is true no matter what the sample concentrations are, even if all four 
compliance measurements are larger than any of the background measurements. This Wilcoxon test will 
require at least five samples in at least one of the groups, or a higher level of significance (say Λ = 0.05 
or 0.10) is needed. 

The Wilcoxon test statistic (W) consists of the sum of the ranks of the compliance well 
measurements. The rationale of the test is that if the ranks of the compliance data are quite large relative 
to the background ranks, then the hypothesis that the compliance and background values came from the 
same population ought to be rejected. Large values of the W statistic give evidence of possible 
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contamination in the compliance well. Small values of W, on the other hand, suggest there is little 
difference between the background and compliance well measurements. 

REQUIREMENTS AND ASSUMPTIONS 

The Wilcoxon rank-sum test assumes that both populations being compared follow a common, 
though unknown, parent distribution under the null hypothesis (Hollander and Wolfe, 1999). Such an 
assumption is akin to that used in the two-sample pooled variance Student’s t-test, although the form of 
the common distribution need not be normal. The Wilcoxon test assumes that both population variances 
are equal, unlike Welch’s t-test. Side-by-side box plots of the two data groups can be compared 
(Chapter 9) to examine whether or not the level of variability appears to be approximately equal in both 
samples. Levene’s test (Chapter 11) can also be applied as a formal test of heteroscedasticity given its 
relative robustness to non-normality. If there is a substantial difference in variance between the 
background and compliance point populations, one remedy is the Fligner-Policello test (Hollander and 
Wolfe, 1999), a more complicated rank-based procedure. 

The Wilcoxon procedure as described in the Unified Guidance is generally used as an interwell 
test, meaning that it should be avoided under conditions of significant natural spatial variability. 
Otherwise, differences between background and compliance point wells identified by the test may be 
mistakenly attributed to possible contamination, instead of natural differences in geochemistry, etc. At 
small sites, the Wilcoxon procedure can be adapted for use as an intrawell test, involving a comparison 
between intrawell background and more recent measurements from the same well. However, the per-
comparison false positive rate in this case should be raised to either Λ = 0.05 or Λ = 0.10. More 
generally, a significance level of at least 0.05 should be adopted whenever the sample size of either 
group is no greater than n = 4. 

In addition to spatial stationarity (i.e., lack of natural spatial variability), the Wilcoxon rank-sum 
test assumes that the tested populations are stationary over time, so that mean levels are not trending 
upward or downward. As with the t-test, if trends are evident in time series plots of the sample data, a 
formal trend test might need to be employed instead of the Wilcoxon rank-sum, or the scope of the 
sample may need to be limited to only include data representative of current groundwater conditions. 

HANDLING TIES 

When ties are present in a combined data set, adjustments need to be made to the usual Wilcoxon 
test statistic. Ties will occur in two situations: 1) detected measurements reported with the same 
numerical value and 2) non-detect measurements with a common RL. Non-detects are considered ties 
because the actual concentrations are unknown; presumably, every non-detect has a concentration 
somewhere between zero and the quantitation limit [QL]. Since these measurements cannot be ordered 
and ranked explicitly, the approximate remedy in the Wilcoxon rank-sum procedure is to treat such 
values as ties. 

One may be able to partially rank the set of non-detects by making use of laboratory-supplied 
analytical qualifiers. As discussed in Section 6.3, there are probable concentration differences between 
measurements labeled as undetected (i.e., given a “U” qualifier), non-detect (usually reported without a 
qualifier), or as estimated concentrations (usually labeled with “J” or “E”). One reasonable strategy is to 
group all U values as the lowest set of ties, other non-detects as a higher set of ties, and to rank all J 
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and/or E values according to their estimated concentrations. In situations where estimated values for J 
and E samples are not provided, treat these measurements as the highest group of tied non-detects. 
Always give the highest ranks to explicitly quantified or estimated concentration measurements. In this 
way, a more detailed partial ranking of the data will be possible. 

Tied observations in the Wilcoxon rank-sum test are handled as follows. All tied observations in a 
particular group should receive the same rank. This rank called the midrank (Lehmann, 1975) is 
computed as the average of the ranks that would be assigned to a group of ties if the tied values actually 
differed by a tiny amount and could be ranked uniquely. For example, if the first four ordered 
observations are all the same, the midrank given to each of these samples would be equal to (1 + 2 + 3 + 
4)/4 = 2.5. If the next highest measurement is a unique value, its rank would be 5, and so on until all 
observations are appropriately ranked. A more detailed example is illustrated in Figure 16-4. 

Fiue 16-4. C mp tto f da k o G o p f e au sg r o uain o Mirn s fr ru s o Tid V le

Order Concentration 

1 

2 

<1 

<1 

3 1.2 

Mid-Rank 

1.5 

1.5 

3 

Ω 
1 

2 
1+2( ) 

4 

5 

6 

1.3 

1.3 

1.3 

5 

5 

5 

Ω 
1 

3 
4+5+6( ) 

7 

8 

1.5 

1.5 

7.5 

7.5 Ω 
1 

2 
7+8( ) 

9 1.6 9 

HANDLING NON-DETECTS 

If either of the samples contains a substantial fraction of non-detect measurements (say more than 
20-30%), identification of an appropriate distributional model (e.g., normality) may be difficult, 
effectively ruling out the use of parametric tests like the t-test. Even when a normal or other parametric 
model can be fit to such left-censored data, a t-test cannot be run without imputing estimated values for 
each non-detect. Past guidance has recommended the Wilcoxon rank-sum test as an alternative to the t-
test in the presence of non-detects, with all non-detects at a common RL being treated as tied values. 

If the combined data set contains a single, common RL, that limit is smaller than any of the 
detected/quantified values, and the proportion of censored data is small (say no more than 10-15% of the 
total), it may be reasonable to treat the non-detects as a set of tied values and to apply the Wilcoxon 
rank-sum test adjusted for ties (described below). More generally, however, the statistical behavior of 
the Wilcoxon statistic depends on a full and accurate ranking of all the measurements. Groups of left-
censored values cannot be ranked with certainty, even if each such measurement possesses a common 
RL. The problem is compounded in the presence of multiple RLs and/or quantified values less than the 
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RL(s). What is the relative ranking, for instance, of the pair of measurements (<1, <5)? A higher RL 
does not guarantee that the second observation is larger in magnitude than the first. A similar uncertainty 
plagues the pair of values (4, <10). And there is no guarantee either that the pair (<2, <2) is actually tied. 
One may be able to partially rank the set of non-detects by making use of laboratory-supplied analytical 
qualifiers as described in the previous section. 

Because non-detects generally prevent a complete ranking of the measurements, the Wilcoxon 
rank-sum test is not recommended for most censored data sets. Instead, a modified version of the 
Tarone-Ware test (Hollander and Wolfe, 1999) is presented in Section 16.3. The Tarone-Ware test is 
essentially a generalization of the Wilcoxon test specifically designed to accommodate censored values. 

PROCEDURE 

Step 1.	 To conduct the Wilcoxon rank-sum test, first combine the compliance and background data 
into a single data set. Sort the combined values from smallest to largest, and — if there are no 
tied values or non-detects with a common RL — rank the ordered values from 1 to N. Assume 
there are n compliance well samples and m background samples so that N = m + n. Denote the 
ranks of the compliance samples by Ci and the ranks of the background samples by Bi. 

Step 2.	 If there are groups of tied values (including non-detects with a common RL), form the 
midranks of the combined data set by assigning to each set of ties the average of the potential 
ranks the tied members would have been given if they could be uniquely ranked. 

Step 3.	 Sum the ranks of the compliance samples to get the Wilcoxon statistic W: 

nW = Γ C	 [16.5] i=1 i 

Step 4.	 Find the Λ-level critical point of the Wilcoxon test, making use of the fact that the sampling 
distribution of W under the null hypothesis, H0, can be approximated by a normal curve. By 
standardizing the statistic W (i.e., subtracting off its mean or expected value and dividing by 
its standard deviation), the standardized statistic or z-score, Z, can be approximated by a 
standard normal distribution. Then an appropriate critical point (zcp) can be determined as the 
upper (1–Λ) × 100th percentage point of the standard normal distribution, listed in Table 10-1 
in Appendix D. 

Step 5.	 To compute Z when there are no ties, first compute the expected value and standard deviation 
of W, given respectively by the following equations: 

E W	 n N + 1 [16.6] ( )= 
2
1	 ( ) 

SD W mn N + 1	 [16.7] ( )= 
12 
1 ( ) 

Then compute the approximate z-score for the Wilcoxon rank-sum test as: 
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W − E(W ) − 1 2 
Z = [16.8] 

SD(W ) 

The factor of 1/2 in the numerator serves as a continuity correction since the discrete 
distribution of the Wilcoxon statistic W is being approximated by a continuous normal 
distribution. 

Step 6.	 If there are tied values, compute the expected value of W using [16.6] and the standard 
deviation of W adjusted for the presence of ties with the equation: 

≈
 3 − ti 
’
 mn(N + 1) tg1− Γi=1SD*(W ) = i [16.9]
 Δ

«
 
÷
◊
N 3 − N12
 

where g equals the number of different groups of tied observations and ti represents the 
number of tied values in the ith group. 

Then compute the approximate z-score for the Wilcoxon rank-sum test as: 

W − E W( )− 1 2 
Z = ( ) (16.10) 

SD* W

Step 7.	 Compare the approximate z-score against the critical point, zcp. If Z exceeds zcp, conclude that 
the compliance well concentrations are significantly greater than background at the Λ level of 
significance. If not, conclude that the null hypothesis of equivalent background and 
compliance point distributions cannot be rejected. 

�EXAMPLE 16-4 

The table below contains copper concentrations (ppb) found in groundwater samples at a Western 
monitoring facility. Wells 1 and 2 denote background wells while Well 3 is a single downgradient well 
suspected of being contaminated. Calculate the Wilcoxon rank-sum test on these data at the Λ = .01 level 
of significance. 
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Month 

1 

2 

3 

4 

5 

6 

CopperConcentration (ppb) 

Bak ru d	 o la ccgo n C mpine 

Well1 Well2 Well3 

4.2 5.2 9.4 

5.8 6.4 10.1 

11.3 11.3 14.5 

7.0 11.5 16.1 

7.0 10.1 21.5 

8.2 9.7 17.6 

SOLUTION 

Step 1.	 Sort the N = 18 observations from least to greatest. Since there are 3 pairs of tied values, 
compute the midranks as in the table below. Note that m = 12 and n = 6. 

Step 2.	 Compute the Wilcoxon statistic by summing the compliance well ranks, so that W = 84.5. 

Step 3.	 Using Λ = .01, find the upper 99th percentage point of the standard normal distribution in 
Table 10-1 of Appendix D. This gives a critical value of zcp = 2.326. 

Month 

1 1 2 8 

2 3 4 10.5 

3 12.5 12.5 15 

4 5.5 14 16 

5 5.5 10.5 18 

6 7 9 17 

MidranksofCopperConcentrations 

Bak ru d	 o la ccgo n C mpine 

Well1 Well2 Well3 

Step 4. Compute the expected value and adjusted standard deviation of W using equations [16.6] and 
(16.10), recognizing there are 3 groups of ties with ti = 2 measurements in each group: 

1
E W( )= 

2 
≠ 6 ≠19 = 57 

SD W( )= 
1 

12 
≠12 ≠ 6 ≠ 18 + 1( ) 1− 3 ≠ 

» 
… 

≈
 23 − 2 ’
ÿ
Ÿ
Ÿ⁄
 

= 113.647 = 10.661
Δ«
 ÷◊
183 − 18…
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Then compute the standardized statistic or z-score, Z, using equation (16.10): 

84.5 − 57 − 0.5 
Z = = 2.533 

10.661 

Step 5. Compare the observed z-score against the critical point zcp. Since Z = 2.533 > 2.326 = z.99, 
there is statistically significant evidence of possible contamination in the compliance well at 
the Λ = .01 significance level. � 

16.3 TARONE-WARE TWO-SAMPLE TEST FOR CENSORED DATA 

BACKGROUND 

In statistical terms, non-detect measurements represent left-censored values, in which the ‘true’ 
magnitude is known only to exist somewhere between zero and the RL, i.e., within the concentration 
interval [0, RL). The uncertainty introduced by non-detects impacts the applicability of other two-sample 
comparisons like the t-test and Wilcoxon rank-sum test. Because the Student’s t-test cannot be run 
unless a specific magnitude is assigned to each observation, estimated or imputed values need to be 
assigned to the non-detects. The Wilcoxon procedure requires that every observation be ranked in 
relation to other values in the combined sample, even though non-detects allow at best only a partial 
ranking, as discussed in Section 16.2. 

The Tarone-Ware two-sample test can be utilized to overcome these limitations for many 
groundwater data with substantial fractions of non-detects along with multiple RLs. Tarone and Ware 
(1977) actually proposed a family of tests to analyze censored data. One variant of this family is the 
logrank test, frequently used in survival analysis for right-censored data. Another variant is known as 
Gehan’s generalized Wilcoxon test (Gehan, 1965). The Unified Guidance presents the variant 
recommended by Tarone and Ware, slightly modified to account for left-censored measurements. 

The key benefit of the Tarone-Ware procedure is that it is designed to provide a valid statistical 
test, even with a large fraction of censored data. As a non-parametric test, it does not require normally-
distributed observations. In addition, non-detects do not have to be imputed or even fully ranked. 
Instead, for each detected concentration (c), a simple count needs to be made within each sample of the 
number of detects and non-detects no greater in magnitude than c. These counts are then combined to 
form the Tarone-Ware statistic. 

REQUIREMENTS AND ASSUMPTIONS 

The null hypothesis (H0) under the Tarone-Ware procedure assumes that the populations in 
background and the compliance well being tested are identical. This implies that the variances in the two 
distributions are the same, thus necessitating a check of equal variances. With many non-detect data sets, 
it can be very difficult to formally test for heteroscedasticity. Often the best remedy is to make an 
informal, visual check of variability using side-by-side box plots (Chapter 9), setting each non-detect to 
half its RL. 

16-20 March2009 


	TABLE OF CONTENTS
	1.0 INTRODUCTION
	1.1 Site Description
	1.2 Project History
	1.3 Groundwater Monitoring History

	2.0 REMEDIAL DESIGN CRITERIA
	2.1 Description of Remedy
	2.1.1 Groundwater Extraction
	2.1.2 Groundwater and Surface Water Monitoring

	2.2 Remedial Action Objectives and Performance Standards
	2.2.1 Objective of Groundwater Remedy
	2.2.2 Groundwater Monitoring
	2.2.3 Surface Water Monitoring

	2.3 Groundwater Monitoring System Design

	3.0 GROUNDWATER MONITORING PROGRAM
	3.1 Tracking Groundwater Quality in the Don Plant Area
	3.2 Demonstrating Source Control in the PAP Area
	3.3 Demonstrating Hydraulic Control in the Target Capture Zones
	3.4 Evaluating Extraction System Reduction in the Extent and Concentration of COCsin the Assessment Area
	3.5 Evaluating Performance Using Interim Target Concentrations in SelectedAssessment Area Wells
	3.6 Evaluate Source Control System Prevention in the Migration into the Off-PlantArea at Concentrations Above the MCL or RBC

	4.0 SURFACE WATER MONITORING PROGRAM
	4.1 Surface Water Monitoring Objectives
	4.2 Monitoring Locations and Analytical Parameters
	4.3 Surface Water Data Analysis

	5.0 DATA EVALUATION AND STATISTICAL METHODS
	5.1 Data Evaluation
	5.1.1 Data Quality Evaluation
	5.1.2 Data Management

	5.2 Statistical Methods
	5.2.1 Exploratory Analyses, Sample Size Evaluation and Handling of Non-Detects
	5.2.3 Statistical Method for Comparison to a Groundwater Protection Standard
	5.2.4 Statistical Methods for an Up Gradient to Down Gradient Water QualityComparison
	5.2.5 Control of Site-Wide Error Rate


	6.0 FIELD SAMPLING PLAN
	6.1 Groundwater Monitoring Locations and Frequency
	6.1.1 Groundwater Monitoring Well Samples
	6.1.2 Field and Laboratory Quality Control Samples
	6.1.3 Sample Designation
	6.1.4 Sampling Equipment and Procedures

	6.2 Groundwater Monitoring Well Sampling
	6.2.1 Monitoring Well Water Level Measurements
	6.2.2 Well Inspection Procedures
	6.2.3 Monitoring Well Purging and Sample Collection
	6.2.4 Duplicate Groundwater Monitoring Well Sample Collection
	6.2.5 Laboratory QA/QC Sample Collection
	6.2.6 Conductivity, Temperature, Dissolved Oxygen, Turbidity, pH & Oxidation-Reduction Potential Measurements
	6.2.7 Decontamination Procedures

	6.3 Field Sampling Plan for Surface Water
	6.4 Sample Handling and Shipping
	6.4.1 Field Custody Procedures
	6.4.2 Sample Analysis

	6.5 Monitoring Schedule

	7.0 REPORTING
	8.0 REFERENCES
	Appendix A Quality Assurance Project Plans
	QUALITY ASSURANCE PROJECT PLAN
	Attachment A SVL Analytical Inc., Quality Assurance Manual
	Attachment B Quality Assurance Project Plan for the Portneuf RiverMonitoring Project


	Appendix B Standard Operating Procedures
	Appendix C Statistical Methods for Data Analysis



